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PREFACE 

The object of presenting the following pages is to state 
in an elementary manner the fundamental principles upon 
which the proper design of foundations is based. 

In many books which consider foundations there is no 
marked line of division between the foundation proper and 
the footing courses of a structure, the latter often being con- 
sidered as a part of the foundation. In the following pages 
the two have been treated separately. 

The'^illustrations have been selected from descriptions of 
actual structures. Little or no descriptive matter is given 
in the text, but in each case the student is referred to the 
source from which the illustration was obtained. A hst of 
references is given at the end of each chapter. No attempt 
is made to make the lists complete, but each reference illus- 
trates a typical case. 

An attempt has been made to so present and arrange the 

subject-matter that the book can be successfully used as a 

text-book. 

M. A. H. 

June, 1914. 
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FOUNDATIONS 

CHAPTER I 

SUPPORTING CAPACITY OF SOILS 

To properly design the footing courses of walls, piers, 
bridge abutments, etc., it is necessary to know the sup- 
porting capacity of the material upon which such courses 
are to be placed. This material is the natural soil or rock, 
in the majority of cases, for the footing courses of the 
walls of ordinary buildings. If the material in its natural 
state has insufficient bearing capacity it is reinforced by 
artificial methods or some type of pile foundation is 
employed. 

The Supporting Capacity of Soils is generally expressed 
in tons or pounds per square foot. In cities and towns the 
supporting capacity of the soil can usually be approxi- 
mately determined from existing structures or common 
practice. This method is not very satisfactory for new 
structures of importance. For such structures it is prefer- 
able to examine the soil by means of test pits or other 
methods and determine its supporting capacity by applying 
known loads upon a known area at the depth to which 
the footing courses extend. 

Test Loads. The application of test loads is, com- 
paratively, a simple operation. An excavation three or 
four feet in diameter is made to the depth where the footing 
courses are to begin. A thick metal plate twelve or 
fourteen inches square is placed on the bottom of the 

excavation and leveled. On this plate a square-ended 

1 
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timber is placed vertically and to this, a little above the 
surface of the soil, is fastened a strong platform. Light 
guy lines keep the beam vertical. Known weights are 
now placed upon the platform and the amounts of settle- |[ 

ment, if any, are recorded. A comparison of the settle- 
ments with the loads will determine the proper loading of 
the soil in that locality. Several test pits should be dug j 

and the soil tested in each. The pits should be well 
distributed over the site of the structure. The method 
employed in testing the soil for the foundation of the 
Cook County Hospital, Chicago, Illinois, is illustrated in 
Fig. 1. A brief description of the apparatus is given 
in the Engineering Record, May 25, 1912. 

The following described method is satisfactory for i 

great depths. A sixteen-inch steel pipe is driven into the 
soil until the lower end is at the depth desired and the soil 
within the pipe removed, with a water or air jet or exca- i 

vated with a small bucket made for this particular work. ' 

A circular cast disc, fourteen inches in diameter, is 
fastened to the end of a ten-inch steel pipe which is then 
lowered in the sixteen-inch pipe until the disc rests on the 
soil. The ten-inch pipe is then loaded and the settlements 
recorded. This method has been used for depths exceeding 
seventy feet. 

Mr. John F. O'Rourke is the inventor of the method 
which is described in Engineering and Contracting^ August 
3, 1910. 

The results obtained from test pits are not as satisfac- 
tory as first appears, since a soil will support for a short 
time, on a small area, a larger load than it will support 
for a long time on a larger area. 

Many important structures have had their footing 
courses proportioned upon data found by the methods 
described above, and in the majority of cases the results 
are satisfactory. However, a knowledge of the character 
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Fia, I. — Apparatus for Testing Hardpan. Cook County Hospital, Chicago, 
111. (Engineering Record, May 25, I9I2.) 
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of the soil deeper down is of very great assistance in draw- 
ing the proper conclusions from the results of the load 
tests. A soft layer under a thin stratum of satisfactory 
material may lead to excessive settlement when adjacent 
structures are built and the equilibrium of the soft layer 
is destroyed. As long as the soft layer is prevented 
from moving laterally the harder upper layer will safely 
support the loads determined in the test pits. 

There are numerous methods of determining the 
character of the soil to various depths. 

Sounding with a Steel Rod. A steel rod may be driven in- 
to sandy soils to a depth of twenty feet. The principal value 
of this test is the determination of the depth of rock. Several 
soundings should be made to make sure that a boulder 
struck by the rod is not assumed to be a layer of rock. 

Sounding with Iron Pipe. If extra strong one-inch iron 
pipe is driven, instead of a steel rod, considerable informa- 
tion may be obtained concerning the character of the soil 
passed through from the soil forced into the pipe. The pipe 
should be in about four-foot lengths and be provided with 
screw couplings. The first length is provided with a cap 
and is driven with wooden mauls. When driven to nearly 
its full length the cap is removed and placed on another 
length of pipe which is coupled to the pipe in the soil 
and the driving continued. After the pipe is driven to a 
satisfactory depth it is pulled by means of a chain and 
lever, and uncoupled. By slowly heating each four-foot 
length the steam formed from the moisture in the soil will 
force it out of the pipe when its character can be de- 
termined. There is much uncertainty in the results of 
this test, but it is an improvement over the rod test. Better 
results are obtained when the pipe is withdrawn for every 
two or three feet penetration. The soil in the lower pipe 
will be that passed through at the bottom of the hole. 
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Wood-Auger Borings* Holes may be bored to great 
depths in sandy soils with a common wood-auger if the 
shank is lengthened with a rod or a pipe. If the auger is 
withdrawn at intervals some idea of the character of the 
soil is obtained. More satisfactory results are obtained 
by using a port-hole auger which makes a hole from five 
to seven inches in diameter. Depths of fifteen to twenty 
feet can be reached by this method. A description of an 
auger outfit is given in Engineering and Contracting, August 
11, 1909. 

Wash Borings. Satisfactory results may be obtained 
in most soils with a wash-drill outfit which consists of a 
force pump, suction hose, connecting hose, several four- 
foot lengths of one-inch pipe, and a number of four-foot 
lengths of Ught three-inch pipe for casing. The casing and 
the one-inch pipe are forced into the soil as water under 
pressure is pumped through the one-inch pipe. The 
water softens the soil and forces it to the top of the casing 
where it is collected and examined. 

Wells or Pits. A well dug very much in the manner 
employed in sinking wells for water gives accurate knowl- 
edge of the soil. The well should be large enough to enable 
one man to work comfortably and in no case should a 
vertical depth exceeding four or five feet be left without 
curbing. The principal objection to this method of soil 
examination is the expense. 

Core Drills. The use of the core drill (see Engineering 
News, September 24, 1896, and June 29, 1893) leads to 
results which can be reUed upon, and, everything con- 
sidered, the method is the most satisfactory of all. It 
can be used for all kinds of soil and rock and gives a 
complete section of the soil from the surface to the 
point of the drill. Test holes may be drilled at any 
angle. 
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Casing. If the soil is soft and inclined to run into the 
holes made by augers or drills, the holes are cased with 
iron or steel pipe in sections which are coupled together 
as the casing penetrates the soil. 

Supporting Capacity of Sandy Soils. When dry and 
confined from flowing laterally (usually the surrounding 
soil is sufficient to prevent this movement), sandy soils 
make one of the best foundations. No artificial com- 
pacting is required for either gravel or sand and the footing 
courses are built directly upon the soil brought to a level 
surface in the bottom of the excavation, which ordinarily 
extends to a depth below the action of frost. This depth 
is not absolutely necessary if the soil is very porous. 

The breadth of the bottom footing course must be 
such that the pressure per square foot on compact gravel 
does not exceed 16,000 to 20,000 pounds. For dry, clean 
sand this pressure should not exceed 4,000 to 8,000 pounds 
per square foot. 

Sandy soils are useless as foundations when they are 
subjected to running water, as such materials are readily 
scoured out. If a sandy soil in a small stream is to be used 
as a foundation it must be excavated to a depth well 
below the danger of scour. This depth can be determined 
from an examination of existing structures. All precedents 
as to the depth of scour in the streams of the Middle West 
were greatly exceeded in the flood of 1913, yet it is ques- 
tionable if unimportant structures, such as considered 
here, should have expensive foundations to provide against 
the effects of such unusual floods. 

Supporting Capacity of Clay Soils. Clay soils range 
from very soft clay which will flow laterally under very 
small pressure to slate which will support any load likely 
to be placed upon it. Soft clays usually are saturated 
with water. If the water is removed by drainage they 
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make good foundations. Hard shales and slate should 
have their surfaces brought to a level before starting any 
masonry. 

A mixture of coarse sand and a sufficient amount of clay 
to cement the particles together makes an excellent founda- 
tion when not subjected to the action of flowing water. 

The supporting capacity of clay soils is very variable 
and ranges from 16,000 pounds per square foot for dry 
compact clay to 2,000 pounds or less per square foot for 
soft wet clay. 

Safe Bearing Capacities of Soils. The safe bearing 
capacities of soils as determined from experiments and 
observations on the behavior of existing structures have 
been collected and placed in tabular form by Prof. I. 0. 
Baker, and published in his '' Treatise on Masonry Con- 
struction." This table has been widely quoted and is 
given below. 

Safe Bearing Capacities of Soils in Short Tons per Square 

Foot 



Kind of Material 



Min. 



Rock, the hardest, in thick layers, in native bed 

Rock, equal to the best ashlar masonry 

Rock, equal to the best brick masonry 

Rock, equal to poor brick masonry 

Clay, in thick beds, always dry 

Clay, in thick beds, moderately dry 

Clay, soft 

Gravel and coarse sand, well cemented 

Sand, dry, compact and well cemented 

Sand, clean, dry 

Quicksand, alluvial soils, etc 



Max. 



200 


• • 


25 


30 


15 


20 


5 


10 


e 


8 


4 


6 


1 


2 


8 


10 


4 


6 


2 


4 


0.5 


1 



J 



All of the values given in this table must be used with 
good judgment, as local conditions may modify them 
considerably. 
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The supporting capacity of a soil at the surface is less 
than on a plane below the surface ; other things being equal, 
the supporting capacity increases with the depth. 

Tall structures subjected to wind pressure should have 
their footings so designed that the average pressure upon 
the soil is considerably less than the safe value. In fact 
the maximum pressure should not exceed the safe bearing 
capacity of the soil if unequal settlement is to be avoided. 
The footings of bridge piers and other structures subject 
to vibrations should transmit pressures to the soil which 
are less than values which are safe for steady loads. Where 
some settlement will do no particular damage the support- 
ing values may approach the maximum values given in 
the table. 

All soils are more or less compressible and therefore 
the pressures upon them should be so adjusted that there 
will result either Uttle or no settlement or an equal settle- 
ment of the structure at all points. 

Theoretical Bearing Capacities of Soils. Considering 
the soil as a homogeneous granular mass without cohesion, 
the allowable pressure on the soil at any depth can be 
determined according to a theory first advanced by Pro- 
fessor Rankine, when the weight of the soil and its angle 
of repose are known. 

If po is the supporting capacity of the soil in pounds 
per square foot, w its weight in pounds per cubic foot, ^ 
its angle of repose (the angle which the sloping face of a 
bank of loose soil makes with the horizontal), and h the 
depth below the surface in feet, then 

po = h w/tan^ (45° - H)* • • • • (1) 

Clean dry sand weighs about 98 pounds per cubic 

foot and has an angle of repose of about 35°. If these 

* " Retaining Walls for Earth," by Malverd A. Howe, John Wiley & Sons 
Inc., New York. 
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values are substituted in the above equation po = lS35h. 
If the depth, h, is assumed to be eight feet, the supporting 
capacity of the sand at that depth is 10,700 pounds per 
square foot. If the pressure exceeds this value or if the 
angle ^ is decreased in value, settlement will take place. 
The safe supporting capacity may be taken as one-half 
the amount obtained by using equation (1). This corre- 
sponds to a reduction in the angle <f>, in above exa^iple, 
of about 8°, which is equivalent to assuming ^ as 27° 
instead of 35°. Since all soils with hardly an exception 
have cohesion, the supporting capacities found from 
equation (1) are smaller than the actual values. 

The angle of repose for dry sand clay and mixed earth 
varies from 21° to 37°. For average conditions, ^ may 
be taken equal to 33° 41' which corresponds to a slope 
of 1.5 to 1. Damp clay has an angle of repose of 45° 
and wet clay an angle of repose of 17°. 

While there is some variation in the weights of different 
soils, the average weight is about 100 pounds per cubic 
foot. 

Tables of weights and angles of repose are given in 
"Retaining Walls for Earth,'' by Malverd A. Howe, and 
in numerous pocket-books for engineers. 

Soft Loamy Soils and Sand Piles. Loamy soils have 
little value as foundations. If such soils are confined from 
moving laterally, by the surrounding earth or other means, 
they can be made efficient by the use of sand piles. After 
the excavation has been made to the proper depth, short 
wooden piles are driven into the soil and then pulled, 
leaving holes which are filled with clean sand thoroughly 
tamped. The driving of the wooden piles compresses the 
soil and the sand holds it in place. After the sand is in 
place a test load should be applied to determine the bearing 
capacity of the foundation. 
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Instead of using wood- 
en piles to form the 
holes for the sand, a 
conical iron weight may 
be employed. This is 
dropped from a con- 
siderable height. Holes 
two or three feet in di- 
ameter and fifty feet 
deep have been formed 
in this manner. Fig. 2 
shows one form of ap- 
paratus used for this 
purpose. 

Concrete may be used, 
in place of sand, for fill- 
ing the holes. In such 
cases, however, the con- 
crete piles or pillars are 
assumed to support the 
footing courses and their 
loads. The concrete is 
thoroughly rammed as 
the hole is filled. 

Soft Loamy Soil in 
Thin Layer. If the 
loamy soil does not ex- 
tend to any great depth 
and there is suitable soil 
below, the proper pro- 
cedure is to excavate the 

soft material and begin 

Fia. 2. — Compressol Machine for Forming ., , . . 

Hole« for Concrete Pillars. ^hc footmg COUrseS On 

(Hennebique Construction Company.) the lower harder soil. 
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Some expense may be saved by replacing the soft ma- 
terial with sand or gravel up to the level where the 
footing courses should start. When such a fill is em- 
ployed it should have considerably more area than required 
for the footing courses. The minimum breadth of the 
fill on the bottom may be taken as the breadth of the 
bottom footing course plus the depth of the fill. 

Example i . What is the theoretical bearing capacity of 
dry sand at a depth of seven feet? Assuming average con- 
ditions, <f> = 33° 41' and w = 100 pounds. From equation (1) 

po = (7) (100)/(.535)4 = 8,550 pounds. 

Taking one-half of this, the safe bearing capacity is 4,300 
pounds per square foot. 

Example 2. What is the theoretical safe bearing 
capacity at a depth of ten feet of a soil which weighs 
100 pounds per cubic foot and which has an angle of repose 
of 45°? Ans. 16,990 lbs. 
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CHAPTER II 

WALL FOOTINGS AND COLUMN FOOTINGS 

Loads to be Supported by the Foundation. Experience 
has shown that for ordinary buildings the foundation 
should be designed for the weight of the structure only, 
unless the movable load is practically permanent, as the 
furniture, safes, etc., in office buildings. The variable 
loads such as people and light goods are neglected. 

Uniform Pressure on the Foundation. The areas of 
the bottom courses of wall footings and column footings 
should be such that the pressure per square foot on the soil 
is everywhere the same in order that, if there is settlement, 
it will be uniform, and therefore not injure the building or 
structure. Carelessness in this respect has been the cause 
of a great many unsightly cracks in the walls of buildings 
and bridge masonry. Since some buildings, as warehouses 
for heavy materials, are subjected to rather heavy loads 
at times, the allowable pressure on their foundations, if 
natural soil, should be taken nearer the minimum than the 
maximum safe bearing capacity of the soil. This will 
prevent any great unequal settlement. 

In order that the pressure on the foundation shall be 
uniform it is necessary that the resultant of the weight 
supported should pass through the centre of gravity of the 
surface of contact between the lowest footing course and 
the foundation. As an illustration, consider a column 
in a building subjected to concentric loads. The footings 
may be square, rectangular, polygonal, or circular in plan, 
but the centre of gravity of each course should be vertically 

13 



14 FOUNDATIONS 

below the axis of the column. This insxires a uniform 
pressure on the soil. 

In the case of wall footings the condition of uniform 
pressure on the soil is not always reahzed. For example, 
when a wall is built with one face on the property line it is 
evident that all footings must be extended upon one side 
of the wall. This case will be considered later. 

Wall Footings on Natural Soil. For buildings not 
over four stories above the ground the pressure on the soil 



Fig. 3. — Concrete Footing, Station Building, Eastern Railway of New Mexico. 
(Enffineering News, September 6, 1906.) 

under the walls seldom exceeds four or five thousand 
pounds per linear foot of wall; consequently the breadth 
of the bottom footing course depends more upon the 
thickness of the basement wall than upon the bearing 
capacity of the soil. Usually the breadth of the footing 
is from one and one-half to two times the thickness of the 
basement wall. The masonry is in courses beginning with 
an offset on each side of the wall and then two or more 
symmetrical offsets until the bottom course of the footing 
is of the proper breadth. In some cases a single course of 
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stone or concrete is employed. Fig. 3 illustrates a stepped 
wall footing of plain concrete. 

Allowable Offsets for Masonry Footings. Fig. 4 shows 
an ordinary wall footing having three offset courses. Each 
course should be built of stones having a thickness equal 
to the depth of the course and the stones forming the offsets 
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Fig. 4. — ^Wall Footing with Offsets. 

should extend under the next course above a distance of 
at least twice the offset. Plain concrete footing courses 
have no vertical joints lengthwise of the wall. In brick 
footings the courses are often made two bricks thick, but 
the length of the offset is governed by the strength of one 
brick. See Fig. 5. 

The relation between the thickness of a course and its 
offset is found as follows. In Fig. 4 the load transferred 
to the soil is a certain number of pounds per square foot 
for each foot in length of the wall. Let this be designated 
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by po- K I is the length of the offset, t the thickness of 
the course, and / the safe fibre stress for the material 
composing the offset, then 



^ Po 



(2) 



In this equation I and t are expressed in inches and in 
pounds per square inch, and po in pounds per square foot. 
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Fig. 5. — ^Wall Footing of Brick. 
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The formula can be applied for stone, brick, plain concrete, 
or solid timber footing courses. Equation (2) is not 
strictly correct, but is sufficiently accurate for practical 
purposes. For footing courses which have no joints for 
their full breadth an accurate formula will be given 
later. 

While it is not likely in good designing that there will 
be any danger from shear along the section ab, Fig. 4, yet 
the designer should assure himself that the section is safe 
against failure by shearing. 

If course B, Fig. 4, is of the same material as course C 
and has the same thickness, the safe offset will be less than 
that for C. This is evident from the fact that the total 
pressure on the bottom of the course B is practically the 
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same as that on the bottom of the course C and its area is 
considerably smaller. (The only difference in the pressures 
on the bottoms of the courses is that the pressure on the 
bottom of course C is increased by its own weight.) This 
makes the pressure per unit area on the bottom of course 
B greater than that on the bottom of course C. 

If all courses are of the same material and are of the 
same thickness, the offsets will increase from the top 
course to the bottom course. If the offsets are the same 
for all courses, the thicknesses of the courses will decrease 
from the top course to the bottom course. 

Table of Safe Offsets for Masonry Footings. In the 

following table the safe offsets as computed from formula 
(2) are given for three pressures or loads. The safe fibre 
stress, /, is taken as one-tenth the ultimate fibre stress or 
modulus of rupture. 

Safe Offsets for Footing Courses in Terms of the Thickness of the 

Course 



Material 


Pounds 

per 
Square 

Inch 


Offsets for a pressure in pounds per 
square foot on the bottom of the 
footing course 




2000 lbs. 


3000 lbs. 


4000 lbs. 


Bluestone flaK&dng 


270 
180 
150 
120 
540 
150 
80 

20 


2.55 
2.08 
1.90 
1.70 
3.60 
1.90 
1.39 

0.69 


2.08 
1.70 
1.55 
1.39 
2.94 
1.55 
1.13 

0.57 


1.80 


Granite 


1.47 


Limestone 


1.34 


Sandstone 


1.20 


Slate 


2.55 


Best hard brick 


1.34 


Hard brick 


0.98 


Portland cement concrete 1:3:6, 
one month old 


0.49 








Multiply the quantities 
above by the thickness of 
the course to get the safe 
offset. 
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Wall Footings of Reinforced Concrete. On soft soils 
requiring a wide spread of the wall footings, reinforced 
concrete can be used, as much larger offsets are possible 
than where the material is natural rock or plain concrete. 
Reinforced concrete is simply plain concrete which has 
embedded in it iron or steel in the form of wire or rods. 
In footing courses this metal is used to resist tensile stresses, 
and, consequently, is placed near the bottom surface of the 
course. The steel bars are either plain round or square 
rods or deformed rods of which there are many patented 
types. For ordinary work plain bars properly anchored 
are quite satisfactory. Small bars are in every way to be 
preferred to the same area of metal in large bars. The 
bars should not be spaced less than one and one-half 
diameters of the bar centre to centre, and each end of each 
bar should be bent into the form of a semicircle having 
a diameter equal to four times the diameter of the bar. 

Instead of rods expanded metal and woven wire fabric 
is often used. To prevent corrosion the metal reinforce- 
ment should not be nearer than one and one-half inches 
to the surface of the concrete at any point. 

In the determination of the safe offset for a reinforced 
concrete footing course the formulas, given in the standard 
specifications adopted August 15, 1908, by the American 
Society for Testing Materials, will be employed. 

In considering reinforced concrete wall footings a 
lateral shce b inches thick will be taken. Experiments * 
have shown that the offsets fail by cracking diagonally 
from the bottom, due to the action of diagonal tension 
forces, when designed simply for cross-heading, without 
any reinforcement in the form of stirrups or bent-up bars. 

It is advisable to make the course sufficiently deep that 
no cracks will occur from the action of diagonal tension 

* " Reinforced Concrete Wall Footings and Column Footings," by Arthur 
N. Talbot. Bulletin No. 67, University of Illinois. 
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forces. If the vertical shear at a cross-section distant 
I — d from the outer end of the offset, see Fig. 6, does not 
exceed thirty-five pounds per square inch, the offset is safe 
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Fig. 6. — ^Reinforced Concrete Wall Footing. 

against failure from diagonal tension.* Expressing this 
algebraically 

(} ~ d) -Trt" tq = 35 & rf. 



or 



d = I 



Po 



(3) 



5040 + Po 

In this equation, d is the effective depth of the offset 
in inches, that is, the distance from the upper surface of 
the concrete to the centre of the steel reinforcement; I is 
* the length of the offset in inches, b is the breadth of the 
lateral shce in inches, and po is the pressure per square 
foot in pounds on the bottom of the course. 

The next step is to determine the amount of steel 
reinforcement required to resist the bending. The up- 
ward pressure on the offset is pob/144: per inch length of 

* " Reinforced Concrete Wall Footings and Column Footings," by Arthur 
N. Talbot. Bulletin No. 67, University of Illinois. 
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offset and the bending moment at the section a e, Fig. 6, 
is po (''6/288. The resisting moment for reinforced con- 
crete is M=Kbd^ where K is a coefficient depending upon 
the physical properties of the concrete and steel. Equating 
the two moments just given, 

Po P &/288 == Kb(P 
Therefore 

■^ ~ 288 d^ ^^ 

Having found the value of K from equation (4), the amount 

of steel required is found from the expression pbd, the 

value of p being taken from the diagram on page 31 for 

the above value of K and any assumed unit stress in the 

steel or the concrete. Common practice makes the 

maximum unit stress in the steel 16,000 pounds per square 

inch, and that in the concrete 

(1:2:4) not greater than 650 pounds 

per square inch. 

Footings stepped or sloped on 

"^ttu the top require special provision for 

diagonal tension, unless made quite 

deep so that the vertical shear is 

small per unit area. This question 

is discussed in " Reinforced Concrete 

Wall Footings and Column Foot- 

Fio. 7.-Eeinforced Con- i^gs," by Arthur N. Talbot, Bulletin 

Crete Wall Footing. Store No. 67, University of Illinois, 

Building, Chicago, lu, (fin- fig, 7 gijo^g ^ reinforced con- 

aineenng Record, June 4, j. e i.- •j.x. j.i_ 

jg(^, ' Crete footing with the upper sur- 

faces inclined. 
Wall Footings of Steel I Beams. Rolled steel I beams 
have been employed in footing courses required to dis- 
tribute heavy loads over a large area. The first layer of 
beams near the soil is laid with the lengths of the beams 
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at right angles to the wall. The next layer is placed with 
the lengths of the beams running lengthwise of the wall. 
A third layer is placed at right angles to the wall and so 
on until the masonry can be commenced. The entire 
system of beams is completely embedded in Portland 
cement concrete. The proper offsets of the beams are 
computed, neglecting the effect of the concrete. The 
concrete increases the strength of the footing and, according 
to experiments made by Professor Talbot (see reference on 
page No. 19), the combination of steel I beams and concrete 
is about twice as strong as the I beams alone. 

The resisting moment for a single beam is M=fS, 
where / is the safe fibre stress in pounds per square inch 
and S the section modulus of the section used. The values 
of S are given in the tables of properties of rolled shapes 
in the various pocket-books published by manufacturers. 
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Fig. 8. — ^Wall Footing of I-Beams. 

If (Fig. 8) po is the upward pressure on the course 

considered, in pounds per square foot, s the distance in 

inches centre to centre of the beams in the course, and I 

the required offset in inches, then the moment at the 

centre of the course is 

I 



where W is the total load in pounds supported by one 



= w^ 
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beam. Equating this moment with the resisting moment 
and solving for l, 

! = i^ (5)^.- 

The value of / may be taken as 16,000 pounds per square 
inch. The maximum vertical shear resisted by one beam 

is W -^. This divided by the product of the depth of the 

beam by the thickness of the web, both in inches, should give 
a quotient not exceeding 10,000 (pounds per square inch). 

For heavy loads and soft soils three layers or tiers of 
beams may be necessary, while for lighter loads and better 
soils one tier may suffice. 

The lower tier should be laid on a \>ed of concrete of 
sufficient thickness to distribute the pressure to the soil, 
and the spacing of the beams should be such that there is 
at least two and one-half inches clear opening between the 
flanges to permit of thoroughly filling the space between the 
beams with concrete. 

Wall Footings of Wood. For temporary structures, and 
for permanent structures where the footings are under 
water, wooden beams can be used to advantage in the 
manner described for steel beams. The timbers are 
packed close together when the load is heavy and the soil 
soft; and placed at intervals when the load is light and the 
soil firm. When the beams are not placed closely together 
the spaces between them are sometimes filled with concrete. 

The lower course of timbers is not placed directly 
upon the soil, but upon a plank platform carefully levelled. 

Let h be the depth of a timber course, b the breadth 
of a single beam, / the allowable fibre stress, and W the 
total load supported by one beam, then the allowable 
offset is 

7 _ 2/&fe^ ... 
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In this equation 6, d, and I are expressed in inches, / 
in pounds per square inch, and W in pounds. 

Wall Footings with Eccentric Loading. When one 
face of the wall of a building is on the property line it is 
usually impossible to extend the footings symmetrically 
about the axis of the wall. The outer face of the footings 
is a continuation of the wall face, and all projections are 
made on the inner side of the wall. This results in an 
unequal pressure on the soil, the greater pressure being 
under the outer edge of the footing. 

If p' is the pressure under the outer edge of the footing 
in pounds per square foot, p" that under the inner edge, 
W the total load in pounds per linear foot of wall, B the 
breadth of the footing in inches, and Q the distance in 
inches from the outer face of the footing to the point where 
the direction of the load W cuts the bottom of the footing, 
then 

p' = 24(2-^)f* .... (7) 
and 

p"=24(^-l)-|^. . . . (7a) 

The unequal distribution of pressure on compressible 
soils leads toward a greater settlement along the outer 
edge of the footings than along the inner edge. For this 
reason the supporting capacity of the soil should be as- 
sumed somewhat smaller than the average value for 
uniform loading. 

In buildings having parallel walls the pressures on the 
soil can be equalized by tying the walls together with steel 
rods at the level of the first floor above the footings. 
The stress in these rods is found as follows: Let T equal 

* " Retaining Walls for Earth," by Malverd A. Howe, John Wiley & Sons, 
Inc., New York. 
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the stress in the rods per linear foot of wall in pounds, 
H the distance of the rods in inches above the bottom of 
the footings, Q the distance from the outer face of the 
footings to the point where the direction of W cuts the 
bottom of the footing, in inches, and W the total vertical 
load in pounds per linear foot of wall, then 

^'^{^^) <« 

This type of construction is best with one heavy footing 
course upon which the basement wall is built with an 
even slope to the top on the inside. The base of the wall 
should have a thickness equal to at least three-fourths 
of the breadth of the footing course in order that there 
may be no tension at the outer face of the wall. 

The thickness of the course corresponding to an offset 
equal to one-fourth the breadth of the course is found 
from the following formulas. 

For stone or plain concrete, 

}^B ^l = t J^(see equation 2, p. 16) . . (9) 
For reinforced concrete, 

d = If 5040 !j_ p^ (see equation 3, p. 19) . (10) 

K = 4finR /72 (^^^ equation 4, p. 20) . (10a) 

For steel I beams embedded in concrete, 

B W 
S = -T^-T (see equation 5, p. 22) . . (11) 

For wooden beams, 

?-A^ (see equation 6, p. 22) . (12) 
8/6 

Unsymmetrical footings should not be used on soft 
soils, but some other form of foundation employed. 
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Fig. 9. — CantUever Support for Small BuUding, Truss. (Engineering Recordr 
November 27, 1897.) 
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Cantilevers. When walls are supported by beams 
between columns and the outer faces of the walls are on 
the property hnes, the wall columns are often supported 
by cantilever beams under 
the column bases. The 
beams are supported by 
masonry piers which have 
their footings entirely with- 
in the property lines and so 
designed that the unit pres- 
sure on the soil is everywhere 
the same. For narrow build- 
ings the cantilever beams 
extend the full width of the 
building, and for wide build- 
ings they usually extend in- 
ward to the first row of in- 
termediate columns. 

Fig. 9 illustrates a can- 
tilever truss, and Fig. 10 a 
plate girder cantilever. 




Column Footings. The 
footings for columns are usu- 
ally rectangular in plan and 
stepped up on each of the 
four sides. All of the ma- 
terials used for wall footings 
are used for column foot- 
ings. The general arrange- 
ment of the material is the 
same as for wall footings, 
whether it is stone, brick, concrete, or beads of steel or 
wood. The determination of the proper offsets is not 
as certain as for wall footings, as the distribution of 



Fig. 10. — Cantilever Support for 
Small Building. Plate Girder. (En- 
gineering Record, November 27, 1897.) 
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stresses is more complex in the case of column 
footings. 

The formulas given for the offsets of masonry footings 
are safe for column footings by taking po as the quotient 
of the total vertical weight in pounds, which is supported 
by the base of the footing, divided by its horizontal area 
in square feet. The formulas for steel and wooden beams 
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Fig. 11. — Granite Column Footings. Broad Exchange Building, New York 

City. {Engineering NewSy November 15, 1900.) 

remain unchanged. Fig. 11 shows a stepped granite 
footing, and Fig. 12 a footing made of wood. 

Column Footings of Reinforced Concrete. " For foot- 
ings having projection of ordinary dimensions, the critical 
section for the bending moment for one direction (which 
in two-way reinforced concrete footings is to be resisted 
by one set of bars) may be taken at a vertical section 
passing through the face of the'' course immediately 
above that being considered. Based upon the results 
of experiments made by Professor Talbot, this moment 
in inch-pound units is 

M = ~^(3B + 2B0^. ... (13) 
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where (Fig. 13) I is the length of the offset, B the breadth 
of the footing course at right angles to the reinforcement, 
B' the breadth of the next upper footing course parallel 
to B, and G the total vertical load in pounds. I, B, and 




Fig. I2.^Wooden Column Footings for Machinery Buildinp. World's 
Columbiaa Exposition, Chicago, 111. (Engineering News, July 7, 1892.) 

B' are expressed in inches. This moment is equated with 
the resisting moment given by the expression K B'd^, 
the values of K are given in the diagram on page 31, for 
various percentages of steel and unit stresses. Expressing 
the above equality algebraically, 

j^{ZB + 2B')^^=KB'd? . . (14) 
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This equation assumes that the steel reinforcement available 
for resisting the moment is placed in a space equal to B' 
in width. As there are stresses beyond this limit the steel 
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FiG. 13. — Reinforced Concrete Column Footing. 



should be continued to the edge of the footing. Small 
bars should be used and anchored at the ends by half turns, 
or the bars may be laid in continuous loops. It is best 
to have at least three inches below the bars and to make 
the depth d large in comparison with the length of the 
offset. This depth should be such that the vertical shear 
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on a section formed upon a square which lies at a distance 
from the face of the next upper course equal to the effective 
depth of the footing, shall not exceed thirty-five pounds per 
square inch. Expressing this algebraically, 
G 



A{B' + 2d)d 



■- 35 



■'■''^'^^m^iTy 



(14a) 



The value of d is found from equation (14a) and then 
the value of if in equation (14) corresponding to this 
value is computed. From the diagram on page 31 the 




Fig. 14. — Reinforced Concrete Colmnn Footing. Store Building, Chicago, 
111. (Engineering Record, June 4, 19IM.) 
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proper amount of steel reinforcement U detennined. 
The total steel used one way equals p B' d. 

For important footings see "Reinforced Concrete Wall 
Footings and Colmnn Footings," by Arthur N. Talbot, 
Bulletin No. 67, University of Illinois. 

Fig. 14 shows a reinforced concrete column footing 
with four-way reinforcement. A brief description of the 
building is given in the Engineering Record, June 4, 1904. 

A stepped concrete pier is shown in Fig. 15. This is 
one of four piers supporting the four inchned posts of an 
elevated water tank. 



FiO. 15.— CoDcrete Pier for Tower Post of Elevated Tank of 200,000 Gallona 
Capacity. St. Louis, Mo. [Engineering Newi, January 19, 1911.) 

Example i. The footing courses of a wall are com- 
posed of blocks of limestone twelve inches thick. The 
soil has a bearing capacity of four thousand pounds per 
square foot. What is the safe offset for the bottom course? 

Referring to the table on page 24, the safe offset is 
1.34 times the thickness of the course, or (1.34) (12) = 16.08 
inches. Therefore the safe offset is sixteen inches. 

Example 2. If in example (1) the material is Portland 
cement concrete and the bearing capacity of the soil is 
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tliree thousand pounds per square foot, what is the safe 
offset? Ans. 6.84 inches. 

Example 3, The bottom footing course of a wall is of 
granite twelve inches thick, and the bearing capacity of the 
soil is six thousand pounds per square foot. What is the 
safe length of the offset? 

Since the table on page 17 does not contain bearing 
capacities as large as six thousand pounds, formula (2) 
is used. < = 12, / = 180, and po = 6000, therefore 



? = 12^ 



— WT^T^ — = 14.40 inches. 
6000 



Example 4. If in example (3) the granite is replaced 
by sandstone, what is the safe offset? Ans. 11.76 inches. 

Example 5. The safe bearing capacity of a soil is 
six thousand pounds per square foot and the total load 
supported per linear foot of a wall is twenty-four thousand 
pounds. The footing is a single slab of reinforced concrete 
having an offset of twelve inches on each side. What is 
the thickness of the course and the proper amount of steel 
reinforcement? 

To provide against failure by diagonal tension, equation 
(3) is used to determine d. I = 12 and po = 6000, 

hence d = 12 gn/<n ■ annn = 6.52 inches. 

5040 + 6000 

Using seven inches as the value of d, the total depth or 
thickness of the footing is at least eight and one-half inches. 
From equation (4) 

_ 6000 (12)^ _ 
^ ~ 288 (7)2 " ^^'"^ 

Entering the diagram on page 31 and following the hori- 
zontal line corresponding to if = 61.2, the unit stress in 
the concrete is found to be about four hundred fifty pounds 



34 FOUNDATIONS 

per square inch when the steel is stressed to sixteen thou- 
sand pounds per square inch. The corresponding value of 
p is about .0043 and hence the total area of steel required is 
.0043 (12) (7) = 0.3612 square inch per linear foot of wall. 
If round bars one-half inch in diameter are used, they 
will be spaced about six and one-half inches on centres. 

Example 6, The total pressure on a soil foundation 
is forty-eight thousand pounds and the bearing capacity 
of the soil is six thousand pounds per square foot. The 
bottom course of a steel grillage is composed of ten-inch 
I beams weighing thirty pounds per linear foot and spaced 
twelve inches on centres. What is the safe offset for the 
beams? 

Referring to equation (5) / = 16000, W = 48000, and 
S = 26.8 (from table of properties of rolled shapes), hence 

I = Aonnn ' — = 35.7 iuches. 

48000 

The total breadth of the footing is 48000/6000 = 8 feet 
= 96 inches. 

The vertical shear at the inner end of the offset is 
(6000) (35)/12 = 17500 pounds (I is taken as thirty-five 
inches). The area of the web of the I beam is (10) (0.45) = 
4.5 square inches. Therefore the unit shear is 17500/4.5 
= 3900 pounds per square inch, which is less than one-half 
the permissible shear (page 22). 

Example 7. In example (6) let each steel beam be 
replaced by an oak beam twelve inches square in section. 
If the safe fibre stress is a thousand pounds per square 
inch, what is the safe offset? 

Referring to equation (6), / = 1000, 6 = 12, A = 12, 
and W = 48000, therefore 

^ (2) (1000) (12) (12)^ ^ 

(3) (48000) "^^ mcnes. 
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Example 8, A wall footing is six feet wide, and the 
total load supported per linear foot of wall is twenty-four 
thousand pounds. If this load is applied 2.5 feet from the 
outer face of the footing, what are the pressures on the soil 
at the outer and inner edges of the footing? 

Referring to equation (7), B = 72, Q = 30, and W = 
24000, hence 

p. . 24 (2 - (S|5)) ?^ - 6000 pounds 

per square foot. This is the pressure on the soil at the 
outer edge of the footing. 

From equation (7a) the pressure under the inner edge 
of the footing is found to be two thousand pounds per 
square foot. 

Example g. In example (8) if steel tie rods are placed 
ten feet above the foundation, what will be their stress 
per linear foot of wall? 

Referring to equation (8), B = 72, Q = 30, ff = 120, 
and W = 24000, therefore 

T = 24000 ( 240 ) " ^^^^ pounds. 

If a tie rod is placed every four feet, the stress is (4) (1200) 
= 4800 pounds and the area of each rod is (4800)/16000 
= 0.30 square inch. A five-eighth inch round rod is 

sufficient. 

Example lo. Using the data given in Examples (8) and 
(9), what is the proper thickness of the footing if composed 
of plain concrete? 

Referring to equation (9), I = 18,/ = 20, andpo = 4000 
(the use of tie rods making the pressure on the soil uni- 
form), therefore 

18 = t ^ ^^ly and t = 36.7 inches. 
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Example ii. The total load on a soil foundation for a 
column is 144000 pounds and the bearing capacity of 
the soil is four thousand pounds per square foot. The 
bottom footing course is reinforced concrete, square in 
plan, and with an offset of twenty-four inches on each of 
the four sides. What is the depth or thickness of the 
footing, and what is the area of the steel reinforcement 
required? 

Since the bearing capacity of the soil is four thousand 
pounds per square foot, the footing com-se is six feet square. 

The effective depth required to make the footing safe 
against failure by diagonal tension forces is found from 
equation (14a). B' = 24 and G = 144000, therefore 

/ 1 4-4000 /24\2 

d = - (0.25) (24) + \ ^^^5^ + \ci) =17.4 or 17.5 inches. 
Substituting this value of d in equation (14), 

^' j (3) (72) + (2) (24) I ^^ = K (24) (17.5)^ 

from which K = 57.5 nearly. 

Entering the diagram on page 31 on the horizontal 
line corresponding to K = 57.5, and following this Une 
until it cuts the curve marked 16000, the unit stress in 
the steel, the unit stress in the concrete is found to be 
about four hundred thirty-five pounds per square inch, 
and the value of p about .004. 

The total area of steel reinforcement in a breadth of 
B' = 24 inches is .004 B'd = .004 (24) (17.5) = 1.68 
square inches. 

If one-half inch square rods are used they are spaced 
three and one-half inches on centres for the middle v.wenty- 
four inches. Under the offsets, at right angles to the 
direction of the rods, the spacing may be increased to 
about four inches. 

A second set of rods, with the same spacing, is placed 
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at right angles to the first set and underneath in order 
that the effective depth for these rods shall be not less than 
17.5 inches. 

Assuming that there is about three inches of concrete 
below the steel, the total depth of the footing is 17.5 + 
0.75+3 = 21.25 inches. Twenty-one inches depth is used. 

Example 12. Using the data given in Example (11), 
design a grillage footing of steel I beams embedded in 
concrete. 

The total area of the bottom footing course is at least 
thirty-six square feet. Assume that seven beams six feet 
long are used in the bottom course and three beams of the 
same length in the upper course, the beams in the two 
courses being at right angles. This makes the offset for 
the lower beams about twenty-four inches at each end. 

The total load to be taken by one beam is 144000/7 = 
20570 pounds. Referring to equation (5) 

^ (24) (20570) ^ ^, 
" (4) (18000") " ~ section modulus. 

A six-inch I beam weighing 14.75 pounds per linear foot 
has a section modulus of 8.0. Therefore seven six-inch I 
beams of the above weight are used in the lower course. 
The area of the web is much more than that required to 
resist the vertical shear. 

Assuming that the upper beams have offsets of twenty- 
four inches at each end, this makes the column base 
about twenty-four inches square. The required section 
modulus is found from equation (5). The load taken by 
one beam is about 144000/3 = 48000 pounds, and hence 

(24) (48000) _^. 
'^ " (4) (16000) " ^^ 

This layer is composed of three nine-inch I beams weigh- 
ing twenty-one pounds per linear foot. 



38 FOUNDATIONS 

References* 

Concrete and Stone Wall Footings on Natural Soil. Water Works Buildings, 

Peoria, lU. E. N., July 21, 1892. 
Concrete Wall Footings on Natural Soil. Northern Pacific R. R. Shops, 

Tacoma, Washington. E. N., Feb. 20, 1892. 
Concrete Wall Footings. E. N., Oct. 5, 1893. 
Concrete Wall Footings on Natural Soil. Water Purification Building. 

E. N., Nov. 26, 1896. 
Stepped Concrete Footings. Machine Shop, Bumside, Illinois. E. N., 

July 16, 1896. 
Wall Footings on Piles. Building Adjacent to Manhattan Life Building, New 

York City. E. N., Dec. 7, 1893. 
Wall Footings on Wooden Grillage and Piles. E. N., April 12, 1894. 
Wall and Column Footings on Piles Capped with Stone. Factory Building, 

Providence, R. I. E. N., May 14, 1896. 
Cantilever Column Support. Manhattan Life Building, New York City. E. 

N., Dec. 7, 1893. American Tract Society Building, New York City. 

E. N., Dec. 27, 1894. Old Colony Building, Chicago, Illinois. E. N., 

Dec. 21, 1893. 
Concrete Footings and Brick Piers for Elevated Railway Columns. Kings 

Co. Elevated Railway. E. N., Sept. 2, 1887. 
Stone Piers and Footings for Wooden Coal Chute for Locomotives. E. N., 

Dec. 26, 1891. [16, 1892. 

Concrete Piers for Elevated Railway Columns, Chicago, Illinois. E. N., Jan. 
Column Footings of Wood on Sand. World^s Columbian Exposition Buildings, 

Chicago, Illinois. E. N., July 7, 1892. 
Concrete Footings and Stone Piers for Steel Columns. Philadelphia and Read- 
ing Terminal Railroad, Philadelphia, Pa. E. N., Jan. 19, 1893. 
Concrete Footings and Brick Piers for Elevated Railway Colmnns. Phila- 
delphia, Pa. E. N., May 25, 1893. 

1 

Concrete Footings on Timber Grillage and Piles. Colmnns for Viaduct, Buf- 
falo, N. Y. E. N., Oct. 24, 1895. 

Stepped Concrete Footings on Piles and on Natural Soil. Colunms. Union 
Station, St. Louis, Mo. E. N., April 21, 1892. 

Concrete Footings for Elevated Railway Columns. E. N., Sept. 5, 1895. 

Steel Grillage for Columns, Fair Building, Chicago, Illinois. E. N., Aug. 
8, 1891. 

Steel GriUage for Columns. E. N., Oct. 5, 1893. E. R., Feb. 9, 1907. 

Reinforced Concrete and I Beam Footings for Columns. E. R., Feb. 2, 1907. 

Column Footings. I Beam Grillage. Grand Central Station, New York City. 
E. R., Feb. 1, 1913. 

Concrete and Steel Footing for Columns. E. C, Dec. 3, 1913. 

* E. N. refers to Engineering Newsj E. R. refers to Engineering Recardj 
and E. C. refers to Engineering and Contracting. 



CHAPTER III 

PILES AND PILE FOUNDATIONS 

Whenever the soil is soft for a considerable depth or 
heavy loads are to be carried, the footings of walls, piers, 
etc., are supported upon piles. 

Wooden Piles are simply trunks of trees hewed to blunt 
points at (usually) the smaller ends and driven into the soil. 
They may be of any sound wood, preferably hard wood. 
They are driven by means of a heavy iron weight, called a 
hammer, which is raised and dropped on the piles until 
the proper penetration is obtained. The hammer is 
usually made of cast-iron and arranged to follow vertical 
guides and is raised by means of a rope running over a 
pulley above the top of the guides to the drum of a hoisting 
engine. This method of driving is slow and not as 
efficient as the use of the steam hammer. The steam 
hammer is so arranged that the moving weight is raised 
a short distance by steam pressure and then dropped 
on the pile. The operation is quick and the hammer 
deUvers a series of rapid low velocity blows to the pile 
which keeps it constantly in motion. In sandy soils the 
driving is greatly facilitated by the use of a water jet 
which is applied at the point of the pile through an inch 
or an inch and one-half-inch pipe drawn down at the end 
to an opening of three-fourths to one inch in diameter. 
The pipe is lightly fastened to the pile, and, as the water 
softens the soil the pile sinks of its own weight and that of 
the hammer resting on its upper end. The water-jet is 
of little use in hard or coarse gravel. 

39 
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Spacing of Piles. In all ordinary foundations piles 
are usually spaced about three feet on centres. In some 
soils they can be spaced closer together, but three feet is 
the practical spacing in most cases. 

Supporting Capacity of Wooden Piles. If piles are 
driven in soils which can be compacted to a hard 
stratum, their supporting capacity depends upon the 
bearing capacity of the soil under the points of the piles 
and the friction between the compacted soil and the surface 
of the piles with which it is in contact. If the upper soil 
is very soft, then the piles act as wooden columns down to 
the hard stratum. The safe method of determining the 
supporting capacity of a pile is to subject it to a test load. 

Formulas for Wooden Piles. The safe load for a 
wooden pile can be found approximately from the following 
formulas, devised by A. M. Wellington and usually called 
the Engineering News formulas. 

For a pile driven with a drop hammer, 

The safe load in pounds = — pr 

For a pile driven with a steam hammer. 

The safe load in pounds = "tttt 

where ^^wis the weight of the drop hammer or the striking 
parts of the steam hammer in pounds, h the fall of the 
hammer or striking parts in feet, and s the penetration 
or set of the pile in inches under the last blow." These 
formulas are assumed to have a safety factor of six. The 
loads are assumed to be vertical and the set measured 
when there is no visible rebound of the hammer or striking 
parts. When the last blows are struck they are assumed 
to be delivered on sound wood and not upon broomed 
fibres. 
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Wooden Pfles Under Water. When wooden piles are 
used to support permanent structures or in places where 
they cannot be readily renewed, they must be under water 
at all times to prevent decay. This condition may be 
neglected in temporary structures or where the piles can 
be readily replaced. 

The use of wooden piles under the footings of walls and 
piers of buildings is often very expensive, owing to the 
necessity of making the excavations to a depth which is 
below the permanent surface of the ground water. In 
cities and towns the surface of the ground water is often 
lowered several feet, as pipe trenches and sewers are intro- 
duced. Foundation piles well under water now may have 
their tops out of water in a few years unless they are 
driven a few feet below the present water level. 

Concrete Piles are employed for heavy loads and where 
the permanent surface of the ground water is below the 
bottom of the footings, a condition which requires ex- 
pensive excavations if wooden piles are used. The con- 
crete piles can be used without regard to saturation with 
water, as they are equally efficient in wet and dry localities. 

Concrete piles are used with and without steel reinforce- 
ment, depending upon the kind of loading, the character 
of the soil, and the method by which they are placed. In 
very soft soils or where the loading is not vertical they 
should be reinforced to give them lateral strength. See 
Fig. 16. 

The piles may be cast in moulds, and, after proper 
seasoning, which requires about one month, they are 
driven by the methods employed in driving wooden piles. 
Another method is to form a hole in the soil by means of a 
wooden or metal pile and then j&ll the hole with concrete. 

There are a number of different methods for placing 
concrete piles to support heavy loads. As these methods 
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can sometimea be used to advantage in ordinary work, a 
few of thetU will be briefly described. 

Raymond Concrete Piling. "The Rajonond pile is 
made by driving a tapering sheet steel shell to refusal by 



CONCRETE PILE ELEVATION SECTION D-D 

Fro. 16. — Reinforced Concrete Pile and Hinged Form. Chioago, Roek 
Island and Pacific Railway. {Engineering Record, May 31, 1913.) 

means of a collapsible steel core, withdrawing the core 
and thereupon filling the shell with concrete." The shell is 
*' spirally reinforced " and of sufficient thickness (No. 16 



Fig. 17. — Raymond Pile Core Collapsed Eiod Partly Withdrawn from 
Shell. Completed BAymond File Without Keinforcement. (Raymond 
Concrete Pile Company.) 
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gauge) to retain its shape after the core is withdrawn and is 
left in the soil, forming a mould for the concrete. A bright 
light and a mirror or a lantern on a cord, are all that are 
necessary to examine the condition of the shell from top 
to bottom before depositing the concrete. The shells are 
filled with concrete "composed of one part good Portland 
cement, three parts sharp sand, and five parts crushed 
stone or gravel which will pass a one and one-half-inch 
ring." The piles, when necessary, are reinforced with 
vertical rods placed inside the shell before the concrete is 
poured. (Fig. 17.) 

Simplex Concrete Piling. The "Standard Simplex 
Pile " (Fig. 18) is formed in the following described manner: 
A conical cast-iron point is fitted loosely to the lower end 
of a sixteen-inch diameter, three-fourths of an inch thick 
steel tube or form, and driven to suitable bearing, under a 
three-thousand-pound drop hammer. This compresses 
the soil. When the proper depth is reached, soft concrete 
is deposited by means of a drop bottom bucket until the 
surface of the concrete reaches the proper elevation, the 
steel shell is then withdrawn and the soft concrete flows 
laterally by its own weight, thereby filling the hole. Rein- 
forcement can be used if thought desirable. 

The Simplex Moulded Pile- (Fig. 19.) For very soft 
soils the shell and point are driven as described for the 
"Standard Pile.'' Then a small amount of concrete is 
placed in the bottom of the tube and a moulded concrete 
pile lowered inside the tube into the freshly deposited 
concrete. The tube is withdrawn and a thin grout poured 
between the pile and the tube during the withdrawal. 
The moulded pile is thirteen inches in diameter and the 
metal point left in place is seventeen inches in diameter. 

The Simplex Shell Pile, After the steel tube and the 
cast-iron point are driven, a thin steel shell, slightly 



Fig. 18.— The Standard Simplex Pile. (The Simplex Concrete Piling Co.) 



Porin with C.I. Point JtoMed Pile Placed on 
Driven to Hard Fan Bed of Soft Concrete Moldefl PUe 

Etmu FarUy Withclraini 

PiQ. 19.— The Simplex Moulded Pile. (The Simplex Concrete Piling 
Company.) 
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smaller than the inside diameter of the driving tube, is 
lowered inside the tube until it rests on the cast point. 
This shell is filled with concrete and the driving tube 
withdrawn. 

The Simplex Composite Pile (Fig. 20) is used when 
a cheap method is required for soils where piles must be 
driven deep. A wooden pile of the proper length is first 
driven in the usual manner. When down to a convenient 
level the top is prepared for a heavy cast ring and a dowel- 
pin. A follower is placed on top of the pile and the stand- 
ard steel form is placed on the ring. The combination 
is then driven until the top of the wooden pile is well 
below the permanent surface of the ground water. The 
follower is then removed and the steel form filled with 
concrete and withdrawn. 

The Pedestal Pile (Fig. 21) is formed by first driving 
a steel casing and a core to the proper depth. The casing 
is a steel pipe sixteen mches in diameter and three-eighths 
of an inch thick, with outside reinforcing bands at the 
top and bottom. The core is a smaller and longer pipe 
with a cast-steel point and an enlarged cast-steel head. 
The core fits inside the casing, engaging the top of the 
casing with the enlarged head. The point projects some 
four or five feet below the bottom of the casing. After 
the core and casing have been driven to the desired depth 
the core is withdrawn and a batch of concrete dropped 
to the bottom of the hole. The core is then driven into 
this concrete, forcing it laterally into the soil. This process 
is repeated until a footing is secured of sufficient size. The 
core is finally removed and the casing filled with soft 
concrete to the top, when it is slowly withdrawn. The 
concrete flows laterally and completely fills the hole. 
The original top surface of the pile will sink from three 
to six feet as the casing tube is withdrawn. The bulge 






Fia. 20. — The Simplex Composite Pile, (Tlie Simplex Concrete Piling 
Company.) 
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on the bottom of the pile greatly increases its supporting 
capacity. 

The Gow Pile is formed by sinking a steel pipe to a 
firm stratum of soil by means of a Vf&ter jet. The material 




WALL PIER 

(Engineering Record, December 7, 1912.) 



inside the pipe is removed and, with a special device, a 
space below the tube is excavated in the firm stratum. 
This excavation has the form of a truncated cone with the 
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larger base at the bottom. The excavation and the pipe are 
filled with concrete, thus forming a pile having a large 
circular flat bottom. 

Steel Bearing Piles. (Fig. 22.) When rock is at a 
depth exceeding twenty feet and the load heavy, steel 
piles make a satisfactory support for wall footings. Steel 
pipe twelve inches in diameter and three-eighths of an inch 
thick is driven to rock and the material inside the pipe 
removed by an air or water jet, or a small orange peel 
bucket. Four two-inch square rods are placed vertically in 
the pipe which is then filled with concrete. After the 
concrete has set the pipe and rods are cut off to a level 
plane upon which a cast cap is set in grout. These piles 
act as columns. 

Supporting Capacity of Concrete Piles. There is but 
one satisfactory way to determine the supporting capacity 
of concrete piles and that is by applying test loads. All 
moulded-in-place concrete piles should be subjected to test 
loads as, even ^hen the casings and points have been 
driven to refusal with a heavy hammer, the piles may settle 
under a steady load. 

Moulded-in-Place Concrete Piles. The placing of 
concrete in shells or casings must be carefully done to 
avoid porous places in the concrete. Wet concrete 
thoroughly sth-red with a rod moving up and down will 
obviate a great deal of the porous structure. Where 
casings are left in the ground, and several casings adjacent 
to each other are driven before any concreting is done, each 
casing should be inspected to see that it has not been in- 
jured by the compressing of the soil due to the driving 
of casings near by. 

When casings are withdrawn, several casings should be 
driven before any are filled with concrete. Otherwise the 
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green concrete in a pile may have its section materially 
weakened by the earth forced into it by the adjacent casing. 

Screw Piles (Fig. 23) are usually round, and have 
at the bottom a cast or wrought metal screw. The stem 

is of wood, cast iron, or steel, 
and the diameter of the screw is 
from two to eight times that of 
the stem, and it has a pitch of 
one-fourth to one-half its di- 
ameter. Screw piles are put in 
place by simply screwing them 
into the soil by means of levers 
or by power. Sometimes they 
are placed by means of a water 
jet. The load which a screw 
pile will support depends princi- 
pally upon the bearing capacity 
of the soil at the depth of the 
screw. If h is the depth of the 
screw below the surface of the soil measured in feet, w the 
weight of the soil in pounds per cubic foot, po the bearing 
capacity of the soil in pounds per square foot at the 
depth h, and the angle of repose of the soil, then 




Fig. 23. — MobOe River 
Bridge Piers, Composed of 
Two Rows of Seven Piles about 
Nine Feet on Centers, with 
Piles Spaced about Eight Feet 
Apart. {Engineering News, 
Vol. XIII, p. 210.) 



, f l + sin c^ ^^ 
Po = hw [ r ; 7 1 . 

^ VI — sm <^/ 



(15) 



Concrete Pillars. If a hard reliable stratum is below 
soft soil, and little or no dependence can be placed upon 
this soft soil, concrete pillars may be used in preference to 
piles. A well five or more feet in diameter is excavated 
down to the hard layer and then filled with concrete. While 
this method is used for heavy structures and where the 
reliable stratmn is deep, yet it can be used to advantage for 
light loads and small depths. Considerable excavation is 
saved and no expensive apparatus is required. If much 



PILES AND PILE FOUNDATIONS 53 

water is found this method cannot be employed without 
resorting to the use of compressed air. 

As a matter of safety the well should be curbed as it is 
excavated. Narrow strips of plank 
about five feet long are used and 
held in place by either wooden 
or metal rings on the inside. For 
deep wells the strips are formed by 
machinery and have tongues and 
grooves on the edges. The sheet- 
ing is removed as the well is filled 
with concrete, and can be used 



Figs. 24 and 25 illustrate the 
usual method of construction. 

Sheet Piling is used in the 
construction of coffer dams, to 
retain the sides of excavations, to 
prevent the lateral flow of soft 
earth in foundations, etc. It is 
made of wood, steel, concrete and 
reinforced concrete, according to 
the purpose for which it is used, 
and is driven in the manner ex- 
plained for driving bearing piles. 
When driven the piling forms an 
unbroken wall, and when inter- 
locked the wall is practically 
water-tight. 

Wooden Sheet Piling. Many 
forms of wooden sheet piling are 
used, but for the simple conditions 
considered here the best form is 
made of three planks thoroughly 




Fig. 24.— Sketch of Curb- 
ing as Ordinarily Con- 
structed. (Engineering and 
ConlTocting, November 21, 
1906.) 
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Spiked or bolted together so that there is a groove on one 
edge and a tongue on the other (see Fig. 33). One end 
of the pile is pointed and the other beveled around the 
four edges. In driving, the tongue of one pile follows the 
groove of the adjacent pile, thereby making a tight joint. 

Steel Sheet Piling. Wooden sheet piles may be pulled 
and \i3ed a second time, but the expense of repairing them 



Fia. 25. — Section Showing Arrangement of Hoist Used in Excavating 
Caieson. F^. 24. (Engineering and ConiracHng, November 21, 1906.) 

is usually large and the total loss considerable. Short steel 
sheet piling can be used several times, and where many 
dams are to be built they are more economical than 
wooden piles. Fig. 35 shows several forms of steel sheet 
piling. 
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Concrete and Reinforced Concrete Sheet Piling are 

usually rectangular in cross-section and are moulded and 
allowed to harden before being driven. They are cast 
with tongues and grooves or with some form of metal in- 
terlocking joints. This type of sheet piling is used to 
retain earth and is left in place. 

Driving Sheet Piling. Wooden and steel sheet piling 
four or five feet in length can be driven with mauls. A 
Ught drop or steam hammer is more satisfactory for all 
types. Blows delivered often by a hammer having a 
short drop are the most effective. This is true for piles of 
considerable length. The water jet has been used sue- 
cessfuUy and in sandy soUs is very efficient. 

Example i. A wooden pile driven with a drop ham- 
mer weighing 3000 pounds has a penetration of one inch 
under the last blow. The fall of the hammer is 25 feet. 
What is the supporting power of the pile? Referring to 
page 40, 

the safe load = (^) (^000)^ (25) ^ ^^^^ pounds. 

Example 2. A screw pile has a screw two feet in dia- 
meter and penetrates into sand 15 feet. What is its sup- 
porting power? Assuming average conditions, the sand 
weighs 100 pounds per cubic foot and its angle of repose 
is about 30°. From equation (15), 

po = (15) (100) [ } _05 ['= 13500 pounds. 

The area of the screw is 3.14 square feet, therefore the 
safe load is J^ j 13500 <3.14) I = 21200 pounds. 
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CHIMNEYS AND TOWERS 



Chimneys and Towers on Soil Foundations. Brick 
chimneys, self-supporting steel stacks, steel or reinforced 
trestle bents, water towers, etc., require footings which will 
so distribute the loads on the soil that there will be no 
unequal settlement. A small uniform settlement usually 
does no damage. If only the weight of the structures and 
their footings constituted the total loads, the problem 
would be quite simple. In any particular case the area 
of the footing bearing on the soil would equal the total 
vertical weight divided by the supporting capacity of the 
soil, and the plan of the footings would be made symmet- 
rical about the point of application of the load. Gen- 
erally, however, there is another force, due to the effect of 
the wind, which must be considered. The wind force in- 
creases the pressure on the soil due to the weight of the 
structure, on the side away from the wind, and decreases 
(by a like amount for symmetrical structures) the bearing 
on the side upon which the wind acts. Since the wind 
may blow from any direction, the footings should be of 
the same shape in plan as the structure supported. This 
rule is not always followed by builders. 

The Effect of the Wind on Chimney and Tower Foun- 
dations. The force of the wind is usually assumed to be 
from thirty to fifty pounds per square foot on the vertical 
projection of the structure. If the exposed surface is not 
a plane the wind force is reduced. For a cylindrical sur- 
face, one-half the pressure on the vertical projection of 
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DETAIL OF OFFSET 




SECTION A-B 



the surface is assumed. The appUcation of the resultant 
wind pressure is at the centre of gravity of the exposed 
surface. For chimneys, standpipes, etc., this is approxi- 
mately at one-half 
the exposed height. 

Table of Maxi- 
mum and Minimum 
Pressures on the 
Soil. Let 

G = the total 
weight in pounds of 
the structure above 
the soil foundation. 

A = the area of the 
bottom of the foot- 
ings in square feet. 
W = the result- 
ant horizontal wind 
force in pounds. 

h = the distance 
above the soil foun- 
dation to the point 
where W acts, in 
feet. 

And S = the sec- 
tion modulus (ex- 
pressed in foot 
imits) of the plane 
figure representing 
the bottom of the 
footings, with reference to the gravity axis perpendicular to 
the du-ection of the wind; then the intensity of the pressure 
on the soil on the side away from the wind is G/A + Wh/S 
and that on the side near the wind G/A — Wh/S. 
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FiQ. 26. — Square Reinforced Concrete Footing. 
Chimney Base. (Engineering Record, June 6, 
1908.) 
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Table of Maximum and Minimum Pressures Produced by the Weight of 
THE Structure and the Effect of the Wind 



Form of Footing 




Direction of 
Wind 



CIRCLE 




Direction of 
Wind 




Direction of 



Wind 



SQUfF^E 




Direction of 



Wind 



OCTAGON 




B. Direction of 
^ Wind 



ANY SYMMETRICAL 
SHAPE 



Pressure at A. Pounds 
per Square Foot 



G 



+ 



Wh 



0.785d* 0.098(i» 



G^ SWh 

d^ "*" d^ 



Wh 



G_ 

d^ "'"0.1179^3 



G 



+ 



Wh 



0.828^2 0.109(i3 



G Wh^ 

A "*" Sa-a 



Pressure at B. Pounds 
per Square Foot 



G 



Wh 



0.785d* 0.098(i» 



d2 rfs 



G 6Wh\/2 
d^ d» 



G 



Wh 



0.828^2 0.109(i« 



G Wh 



The Maximum Pressure on the Sofl, as found from 
the formulas in the above table, should be well within the 
safe supporting capacity of the soil, and the minimum 
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pressure should always be of the same character as the 
maximum pressure. Whenever GjA is less than WhjS 
the footings must have their areas increased. 

A very shallow reinforced concrete chimney base on a 
slag foundation is shown in Fig. 26. A plain concrete 



Fig. 27. — Concrete Footing. 375-foot Chimney, Easton, Pa, {^Engineering 
Record, September 23, 1911.) 

chinmey base on a hard shale foundation is shown in Fig. 
27. 

Fig. 28 shows a reinforced concrete chimney base which 
contains a minimum amount of material. The base 
" consists of a circular slab, twenty-four feet in diameter and 
ten inches thick, on which is built a box with an octagonal 
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inside lateral surface, about six feet and seven inches be- 
tween opposite faces, and a square outer surface, eight feet 
and three inches on a side, the box being four feet high 
above the surface of the slab." 

"From either corner of this box extends a series of 
eight cantilever ribs reaching approximately to the outer 
edge of the slab," as shown in Fig. 28. 

Pile Foundations for Chimneys and Similar Structures. 
Concrete, reinforced concrete, steel or wooden piles may be 
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Fig. 28, — Half-Section and HaJf-Elevation Reinforced Concrete Base. 125- 
foot Chimney, Chicago, 111. (Engineering Beca-d, June 8, 1912.) 

used. The safe load for any single pile must be determined 
either from formulas or by test loads. If possible, all of the 
piles should have about the same capacity unless the 
actual loading is considerably less than the allowable load. 
The most efficient location for the piles is in concentric 
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circles having the vertical axis of the chimney or tower 
as a common centre. Let (see Fig. 29): 

n = the total number of piles. 

z = the distance of outermost pile from the centre of 
the chimney opposite the wind, in feet. 

y = the distance of any pile from the axis, through 
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Fig. 29. — Pile Foundation for Chimney. 



the centre of the system of piles, perpendicular to the 
direction of the wind, in feet. 

Sj, = the load on the pile at A in pounds. 

/b = the load on the pile at £ in pounds. 

2 = sign of summation. 

G, W, and h = the quantities used for soil foundations. 






Sb = 



G__Wh 

n 2:y^ 



(16) 
(17) 
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The load Z^, found from equation (16), should not 
exceed the safe supporting power of the pile, otherwise 
settlement is Ukely to occur. The load /g, as found from 
equation (17), should never be zero or negative. 

Offsets of Masonry Footings for Chimneys and Towers. 
All of the coiu^es making up the footing should be of the 
same shape in plan and each course should have a uniform 
offset on all sides. The amount of this offset may be found 
approximately by taking a vertical shce along the diameter 
of the footing, one foot in breadth, and considering this in 
the manner explained for wall footings. The upward 
pressure per square foot may be taken as the maonmum 
pressure per square foot which occurs when the structure is 
subjected to wind pressure. 

It is seldom necessary to compute the offsets unless the 
footing is very thin. Thick courses and small offsets 
should be used. 

Adjacent Structures should be so arranged that 
their weights are supported independently of chinmey or 
tower foundations. The neglect of this precaution often 
leads to cracks in the masonry and unequal settlement. 
The walls of a building should not be tied to the masonry 
of a tall chinmey, but a shp joint used between the two 
structures. 

Stand Pipes of steel or masonry have their footings 
and foundations designed in the manner outhned for 
chimneys. The effect of the wind should be determined 
when the tank is empty and when filled with water. Fig. 
30 shows a pile foundation for water tank. 

Elevated Tanks are generally supported by four or 
more columns, either vertical or inchned. The columns 
rest upon masonry piers which are designed in the manner 
explained for column footings. The maximum load occurs 



64 



FOUNDATIONS 



when the elevated tank is subjected to wind pressure and ia 
determined in the manner explained for finding the maxi- 
mum load on a pUe in a chimney foxmdation. 

The piers supporting the legs of trestle bents are pro- 
portioned in a similar manner. See Fig. 15. 




ELEVATION. ENLARGED DETAILS 

Flo. 30. — ^Large Reinforced Concrete Water Tank. Savannah, Ga. (En- 
gineering News, Aupist 31, 1911.) 
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Example i. A circular tower, 100 feet high, has a 
wall of brick which averages 18 inches in thickness. The 
weight of the brickwork is about 110 pounds per cubic 
foot. The base of the tower is a single block of concrete, 
8 feet thick and 20 feet in diameter, having a weight of 
377,000 pounds. The resultant wind pressure is 15,000 
pounds and acts 58 feet above the foundation. What is 
the maximum pressure on the soil? 

The weight of the tower is (78.54 — 38.48) (110) (100) 
= 440,000 pounds and the weight of the tower and its 
base is 440,000 + 377,000 = 817,000 pounds. 

Referring to the table on page 69, 

817000 . (15000) (58) ^^^^ 
The maximum pressure = q ygS (20)^ + 0.098 (20)^ = ^^^^ 

pounds per square foot. 

The minimum pressure is 1,490 pounds per square foot. 

If the soil weighs 100 pounds per cubic foot and has an 
angle of repose of 34® the safe supporting power is found by 
means of equation (15). 

(1-1-0 ^^q\2 
^ _ Q^ggQ ) = 10,000 pounds per 

square foot. The safe load is, therefore, 5,000 pounds per 
square foot which is considerable in excess of the actual 
pressm^e found above. 

Example 2. Using the general data given in example 
(1), suppose that the base is 20 feet square and that the 
direction of the wind is perpendicular to one side of the 
square. What is the maximum pressure on the soil? 

The weight of the base is now about 480,000 pounds, 
and the weight of the tower and its base is 857.000 pounds. 

Referring to the table on page 59, 

rp, . 857000 . 3 (15000) (58) ^.^^ 
The maximiun pressure = .^0^2 H ^ — j^O^s — ~ "* ' ® 

pounds. The minimum pressure is 1,800 pounds. 
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Example 3. A round tower and its square base weigh 
857,000 pounds. The resultant wind pressure is 15,000 
pounds and acts 68 feet above the bottom of the base. 
The direction of the wind is perpendicular to one side of the 
square. The foundation is composed of seven rows of 
seven piles spaced three feet on centres. What is the 
maximum load supported by one pile? 

Referring to equation (16), G = 857,000, n = 49, TF 
= 16,000, A = 68, 2 = 9, and 

Iy^ = [(9)2 + (6)2 + (3)2] (7) (2) = 1764. 

Substituting in equation (16), 

. 857000 , (15000) (58) ,^. ^.^^ ^^^.^ 
^^ ^ ~49 ' 1764 ^^ "" pounds. 

fs = 13100 pounds. 
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Footings and Foundations for Bridge Piers and Abut- 
ments. The footings and foundations for piers and 
abutments require a large amount of good judgment in 
their design and each case usually presents a new problem 
to be solved. Foundations in shallow and slow-flowing 
streams will be considered to the exclusion of those in 
large and rapid-flowing streams. The size of the footings 
depends upon the load to be supported and the supporting 
capacity of the soil or other foundation. In all cases the 
load should be uniformly distributed over the f oimdation, if 
possible. 

Foundations on Hard Soil or Rock. If the bed of the 

stream is sufficiently hard and compact to resist scour 
and this material is several feet thick, the footing courses 
are constructed upon the natural soil after an excavation 
has been made well below the bed of the stream. 

In order to excavate the material and prepare a level 
surface for the first footing course it is necessary to sur- 
round the site of the foundation with a dam of some 
description, which will keep out the water from the stream 
when the water inside the dam is pumped out. The dam 
is usually called a coffer-dam and it will be so designated 
hereafter, whether it is built of dirt, wood, or steel. 

Coffer-dams Constructed of Soil. If the stream is 
sluggish and shallow the coffer-dam may be built of a 
mixture of sand, gravel, and a little clay, coarse gravel 
being placed on the outside to prevent scour. The top of 
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the dam need be but a foot or two above the surface of 
the water, but should be three or four feet wide to form a 
narrow workmg platform. Unless the dam leaks or the 
natural bed of the stream is very porous the water can be 
pumped out by a hand pump such as used by contractors in 
emptying pipe trenches or by a small steam pump. The 
excavation is then made to the proper depth and the 
footing of masonry or concrete put in place. 

The dirt dam just described can only be used to advan- 
tage in very shallow water. In water three or four feet 
deep a satisfactory dam can be constructed of gunny 
sacks loosely filled with a mixture of clay and sand. Almost 
any loamy soil will answer if a clay soil is not available. 

Foundations on Gravel and Sandy Soils. While it is 
much safer to use bearing piles in uncemented gravel and 
sandy soils, yet there are many locations where the extra 
expense involved by their use is not warranted. When 
piles are not used the foundation must be sufficiently deep 
to be below any scouring action of the stream. The use 
of a dirt dam or one constructed from bags filled with a 
clay mixture is not possible, as water will flow through the 
gravel or sand under the dam as fast as it can be pumped out 
from the inside. Wooden or steel sheet piling are em- 
ployed in building cofifer-dams which must be water-tight 
to a considerable depth below the bottom of the excavation 
for the footing courses. 

Construction of Coffer-dams of Sheet Piling. The 
first step in the construction of the dam is to drive a number 
of guide piles around the outside of the proposed dam. The 
piles are spaced about seven feet apart and so located that 
an eight by eight inch wale-piece bolted to them will have 
its inside surface flush with the outer surface of the sheet 
piling. To the wale-pieces on the inside and separated by 
blocks sUghtly thicker than the sheet piling to be used is 
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bolted an eight by eight inch timber. The sheet piles are 
driven in the space between the two timbers which act as 
guides. If only one set of timbers is used it is placed at the 
surface of the water. Expense and time are often saved by 
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Fig. 31. — ^Fonns of Steel Sheet Piling, (a) The Lackawanna Steel Sheet 
Piling; (6) The Friestedt Interlocking Steel Sheet Pihng; (c) The Wemlinger 
Steel Sheet Piling. 

arranging another set of guides above the first set. After 
the guides are in place the sheet piles are driven, completely 
enclosing the site of the foundation. 

If the water is not over four feet deep and the piling has 
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one-half its length in the soil the water can be pumped 
out without any interior bracing of the piles. Under 
other conditions bracing is put in between the guide wales 
and a set of wales and bracing placed at the level of the 
stream bed before the excavating is commenced. The 
gravel and sand are now removed to the proper depth and 
the footing courses commenced. 

When the excavation extends to a depth of nine or ten 
feet below the water surface, a single row of sheet piUng 
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Fig. 32. — Coffer-dam for Pier Bases, South Canadian River Bridge. (Ertr 
gineering and Contrading, April 3, 1907.) 

is sometimes insufficient to keep the water out of the dam. 
If the leaks cannot be stopped with bran, manure, or other 
fine material thrown into the stream and drawn into the 
leaks in the dam, a second row of sheet piling is driven 
about three feet from the first row and the space between 
the two rows filled with a mixture of gravel and clay 
forming a water-tight dam. 

Fig. 32 shows the coffer-dams used in constructing the 
pier footings or bases for the South Canadian River 
Bridge, Oklahoma. Fig. 33 shows the form of sheet pile 
employed. The following description is taken from En- 
gineering and Contracting, April 3, 1907. 
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The pier footings or bases were put down in open coffer- 
dams, Fig. 32. The sheet piling, Fig. 33, for the first pier 
was driven with a light hammer, but was foimd to be both 
slow and inefficient. The lower strata of sand proved to be 
more compact than had been anticipated, and, by this 
method, considerable difficulty was experienced in driving 
the sheet piles accurately and in preventing leaky joints. 
The balance of the sheet piUng was driven with a 2-in. 
-jet drawn to a 1-in. nozzle, and this method proved entirely 




Fig, 33. — Detaiis of Sheet Piles for Coffer-dam. South Canadian River Bridge. 
{Engineering and ConlratMng, April 3, 1907.) 

satisfactory. The water was supplied by a 7 x 5 x 10-in. 
Gardner Duplex pump. The pile with the jet placed in the 
groove sank rapidly and accurately with the weight of two 
men clinging to a hanger slung over the top of the pile. 
When the pile had reached the bottom, it was struck 
several blows with a 12-lb. sledge to broom the point on the 
rock. 

The piles were driven between 6 x 8-in. walings, firmly 
secured with wrought-iron clamps, to prevent irregularities 
in the driving. Built-up angles were made for the returns 
at the corners and jetted to rock in the ordinary manner. 
The actual time required to drive a coflfer-dam seldom ex- 
ceeded ten hoiu^. 

It was originally the intention to build a form inside 
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the coffer-dam and to gather the water from leakages in a 
sump at one comer to be pumped out by a pulsometer, and 
to withdraw the sheet piling after the completion of the 
base. So little difficulty was experienced in preventing 
leakages that this plan was abandoned and the concrete 
was deposited against the sheet piling, which no attempt 
was made to recover. It was estimated that the loss of the 
sheet piling was more than offset by the time and expense ■ 
necessary to have built an inside form. 

The sand was pumped from the eoffer-dam by means of 
a No. 4 Morris centrifugal sand pump, having a &-inch 
flexible suction pipe and protected foot valve. 

Fig. 34 shows details of the coffer-dam for the Kilbourn 
City Bridge. A canvas apron was used at the bottom 



Fia. 35. — Sketch Showing Croaa-eection of Coffeivdam. Two Rowe of Sheet 
Piling with Puddle Between. 

to seal the contact between the dam and rock foundation. 
Pig. 35 shows a two-waU eoffer-dam in section. 

Crib Coffer-dams. In water more than three or four 
feet deep and where the bed of the stream is composed of 
solid rock, none of the dams described is satisfactory. 
The dirt and bag dams are expensive and difficult to con- 
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struct and neither wooden nor steel piling can be driven. 
For the conditions stated above a wooden crib-dam is 
built. It is simply a bottomless double walled box built of 
timbers laid flatwise and thoroughly spiked together. The 
two walls are about two or three feet apart and are con- 
nected by cross walls every three or four feet. 

The crib is usually built on land, launched, and floated 
to the site of the foundation, where it is held in its proper 
position by lines running to proper anchorage. A loose 
plank platform on top is now loaded with rock or other 
material until the crib sinks and rests upon the rock 
bottom. The spaces between the two walls are filled with 
soil, care being taken to use a soil with a mixture of clay 
on the bottom to effectually prevent water passing imder the 
crib. 

If the rock is uneven, soundings are taken and the 
bottom of the crib-dam built to fit the inequalities in the rock 
surface. 

The floating of the crib-dam is made easier by using a 
false bottom lightly fastened in place. This bottom is 
removed before the dam is sunk to its proper position on the 
rock. 

If ordinary lumber is used for the walls of the dam, 
they will require caulking to make them tight. If clay 
puddle is used between the walls it will not be necessary to 
caulk the walls. 

Piling in Coffer-dams. Two methods are followed in 
placing foundation piles in coffer-dams, (a) After the dam 
is completed, the water is pumped out and the excavation 
made to the proper depth. Piles are then driven and 
cut off ready for the lowest footing course of the pier or 
abutment. Concrete, reinforced concrete, wooden grillage, 
etc., are used in immediate contact with the piles. 

(b) In case it is difficult to keep the dam free from 
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water on account of a leaky bottom, the excavation is 
made, keeping the water down by hard pumping, and the 
dam then allowed to fill with water. Piles are driven by 
means of a follower to a proper penetration. Then the 
bottom of the excavation is sealed by depositing a layer of 
concrete, one or two feet thick, in the still water, by means 
of a drop bottom bucket 
or a wooden or metal 
tube. The concrete should 
be quite wet and be de- 
posited so as to displace 
the water at the bottom 
and should never be per- 
mitted to fall through 
the water. When a tube 
or tremie is used the 
tube is forced into the 
soil so as to effectively 
seal the lower end; then 
it is filled with concrete 
which displaces the water 
in the tube. The tube 

F.0. 36.-Sketch Showing Bridge Pier ^^ ^«^ ^"^^^"^ ^ ^^^ '^''^^ 
and Coffer-dftm. iEnffineenn^ and Con~ above the soil and the 
tracHng, May 29, 1907.) concrete allowed to spread 

over the soil. By keep- 
ing the tube full at all times there will be no danger 
of "washing." Of course, the first batch used to fill the 
tube will not be as good as the batches of concrete which 
follow. 

From twelve to twenty-four hours is allowed for the 
concrete to become hard and then the water is pumped 
out of the dam and the piles prepared to receive the 
footing. 

Fig. 36 shows a eoflfer-dam, piles, and a concrete pier. 
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Footing Courses of Piers and Abutments. The footing 
courses for piers and abutments are made of wood, con- 
crete, reinforced concrete, stone, etc., and are designed in a 
manner quite similar to that outlined for wall footings. 



Fia. 37. — Plan and Elevation of Centre Pier for Kilboum Bridge. C. 
M. A St. P. Ry. Showing Rook Stepped to Receive Masonry. {RaUroad 
GazeUe, March 17, 1905.) 



When the foundation is rock, Fig. 37, concrete is the 
best material for a base course. This can be placed on an 
uneven surface and the top of the layer made level to 
receive the masonry above. 
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Concrete 's aiso an exceUent material to employ where 
piles are used. The soil is excavated a foot or more below 
the tops of the piles and then a layer of concrete about 
two feet thick is deposited around and oVer the piles. 
Even when the masonry is to be of stone, concrete is often 
used for the footing courses below water. See Fig. 36. 

Before the extensive use of concrete with piles, as shown 
in Fig. 38, the piles were capped with squared timbers, 
having their top surfaces in 
the same level plane. Upon 
the caps was constructed a 
grillage of timbers, sometimes 
in many, layers, all thoroughly 
spiked together. On the gril- 
lage the masonry proper was 
commenced. When all wood 
is below water at all times 
this construction is very satis- 
factory even for rather heavy 
and important struetxires. 
Pio. 38.— Section of Bridge Pier Figs. 39 and 40 are good 
Showing Spread Footing on Piles, illustrations of this form of 
Elk Run Bridge Across Cedar River, , .- 

Iowa. (Engineering Secord,Uo-reai- conscrucuon. 
ber23, 1912.) 

Open Caissons. Fig. 41. 
The use of an open caisson is not probable in preparing 
simple footings and foundations considered here, but the 
method has some advantages where many piers are to be 
built in water not too deep. The foundation is prepared 
by dredging, and if piles are used they are cut off to an 
even elevation by means of a special saw operated from a 
staging or scow. 

The caisson is a water-tight box open at the top. The 
bottom is made of heavy timbers in two or more layers 
thoroughly drift-bolted together. The sides are made of 
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horizontal timbers spiked together and caulked to be water- 
tight. The four sides of the caisson are made separate 




Fig. 41. — Sketch Showing Essential Features o[ Open Caisson. 

and fastened at the corners of the caissoii and to the 
bottom with bolts which can be removed. 



LONGITUDINAL ELEVATION TFWNSVERSe ELEVATION 

Fio. 42. — Dunabach Ferry Bridge, About Four Miles Above Cohoea, N. Y. 
(En^neering Record, July 20, 19010 
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The caisson is buUt on land, launched, and floated to 
the site of the foundation, where it is held in its proper 
place by lines running to anchorages. The footings of the 




Fia. 43. — Cylindrical Pile Piers with Diaphragms. Street Railway 
Bridge at Greenfield. (Bn^neering Record, April 9, 1904.) 

pier are commenced in the caisson, and as masonry is 
added the whole structure sinks until finally it rests on the 
natural bed prepared for it or the pile foundation. The 
caisson and the bottom courses of masonry are consider- 
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ably larger than the pier to provide for slight discrepancies 
in sinking. It is seldom that the caisson can be sunk so as 
to occupy exactly the position planned for it. 

After the masonry is above water the sides of the 



Fia. 44.— Bridge Pier on Metal Cylinders Filled with Concrete, Showing 
Saving in Excavfttion and Concrete. Arch Bridge at Temple, Arizona, 
{Engineering News, March 28, 1912.) 

caisson are removed and used with another bottom for 
another pier. 

Cylinder Piers. For light bridges, and with proper 
care for heavy bridges, cylinder piers may be used instead 



BRIDGE PIERS AND ABUTMENTS 83 

of masonry piers. They are composed of metal cylinders 
filled with concrete, thoroughly braced together. The 
foundation for each cylinder is composed of a cluster of 
piles. If these are of wood they must not extend above 
low water. The steel cylinders usually extend a few feet 
below the tops of the piles which are embedded in the 
concrete filling of the cylinder. Since, eventually, the 
metal cylinder will corrode and lose its strength, the concrete 
filling should be of a good grade of Portland cement con- 
crete. Figs. 42, 43, and 44 illustrate this type of con- 
struction. 

Rip-rap. In all cases where the pier or abutment is not' 
on solid rock and the stream is likely to have a swift current 
in times of high water, the footings should be protected 
with rip-rap. This is simply rough blocks of stone cast into 
the stream around the footings and extending above the low 
water mark in shallow streams. 

When wooden sheet piling is employed for the coffer- 
dam it is sometimes cut off below low water and left in 
place. This avoids breaking up the soil around the 
footings in the process of pulling. Rip-rap is placed on the 
inside and outside of the piling. 

Steel sheet piling, when driven deep and left in place, 
makes an excellent protection against scour. 

Concrete Piles as Foundation for Bridge Piers. Fig. 

45 illustrates the use of pedestal piles for bridge pier 
foundation. In many cases considerable expense is saved 
by the use of concrete piles. This is especially true when 
the lowest water level is at a considerable depth below the 
permanent surface of the ground, requiring a large amoimt 
of excavation to place wooden piles below water. 

Pumping. In unwatering a coffer-dam some type of 
pump is usually employed. The particular type used 
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depends upon the amount of water to be removed and the 
tightness of the dam. If the amount of water is small and 
the dam tight, hand pumps can be used, but generally some 
form of power pumps is necessary to successfully keep 
the water from delaying the work. 

Hand Pumps may be of the wooden box Uft type, 
operated by one or more men, or the barrel may be of 
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Fig. 45. — Section of Bridge Pier on Pedestal Piles. Penn Street Viaduct, 
Reading, Pa. {Engineering Record^ November 30, 1912.) 

metal and cyUndrical in form. The wooden pumps are 
built on the job. Hand pumps are only effective when the 
amount of water to be moved is very small. 

Diaphragm Pumps, operated by hand, can be used to 
advantage where not more than twenty-five gallons of 
water per minute are to be removed. This type of pump 
is principally used for unwatering pipe trenches. Dia- 
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phragm pumps, operated by gasoline engines and having 
capacities as great as one hundred gallons per minute, can 



Fig. 46. — Gasoline Engine and Two Diaphragm Pumps. (Ha«)ld L. Bond 
Company.) 

be obtained. For small work these pumps are very 
satisfactory. Fig. 46 illustrates two diaphragm pumps 
operated by a gasoline engine. 

Jet Pumps. Where steam is 
. available the water may be removed 
by means of a steam-siphon or jet 
pump. This is a pipe leading from 
the water inside a coffer-dam or 
other retainer to the place of dis- 
charge, through the side of which 
is run a steam pipe ending in a 
nozzle facing the discharge end of 
the pipe (Fig. 47). As steam is ad- 
mitted a vacuum is created and a 
flow of water through the pipe 
takes place. Pumps of this type 
have capacities ranging from two 
hundred to twelve thousand gallons 
per hour. 




Fia. 47.— Jet-pump. 
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The Pulsometer Steam-pump is one of the most used 
of vacuum-pumps. Its advantages are many. There are 
no bearings to look after, no belts and no foundation 
required, as it can be suspended from a hook. The stand- 
ard pattern is manufactured in capacities ranging from 



Section through pump Section through dischai^ 

chambers. chambers. 

Fia. 48. — ^The Pulsometer Steam Pump. (The Fukometer Steam Pump 
Company.) 

twenty to two thousand gallons per minute, with a twenty- 
five foot lift. Fig. 48 shows two sections of a pulsometer 
steam pump. 

Centrifugal Pumps. Where the amount of water is 
large and it must be quickly removed, one or more cen- 
trifugal pumps are usually employed. These pumps are 
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operated by belts or by direct-connected motors. The 
economical lift is a little less than twenty feet. The 
usual form is manufactured with capacities ranging from 
fifty to fourteen thousand gallons per minute. The 
suction pipes for all of the power pumps should be provided 
with strainers to prevent sticks and large gravel from 
entering the pipe. 

Divers and Diving. — In all subaqueous foundations 
the services of a diver are often economical even when not 
absolutely necessary. Leaks can be quickly stopped, ob- 
structions removed, tools and apparatus recovered, etc. 
The diving outfit consists principally of one air pump, one 
metal helmet, two rubber diving dresses, air hose, diving 
weights, diving shoes, one life or signal line, and a number 
of accessories. Each diver, while under water, requires an 
attendant to hold the life line and air hose, and two men 
to operate the air pump. 

The ordinary depths for diving are from thirty to sixty 
feet, but there are numerous cases of diving to depths of 
one hundred and fifty feet. "The record on Puget Sound 
in salving a boat is a depth of one hundred and eighty- 
five feet, where the diver made many descents to a maximum 
time on any one trip of about one hour ; he afterward died 
as a result of the severe experience." * 

A diver by the name of James Hooper (see Scientific 
American Supplement^ Jan. 23, 1909) reached a depth of 
two hundred and four feet in quest of the "Cape Horn'' 
sunk off the coast of South America. This is the 
maximum depth recorded for diving in the usual suit. 

Three hundred and thu-ty feet is the record for diving 
in the De Pluvy diving apparatus which is a metal diving 
suit. No air hose is used as the air is chemically purified 

* " Practical Treatise on Subaqueous Foundations," by C. E. Fowler, 
p. 254. John Wiley & Sons, Inc., New York. 
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in the helmet. (See Scientific American Supplement, Feb. 
2, 1907.) 

The air pressure for depths of 30, 60, 100, 150, and 200 
feet is 13, 26, 43, 65, and 87 pounds respectively. 

One hundred and ten feet is the maximum depth reached 
in pneumatic caisson work, where the ''working chamber'^ 
takes the place of the diving dress. 
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CHAPTER VI 

METHODS EMPLOYED FOR DIFFICULT FOUNDATIONS 

The Pneumatic Process is simply the utilization 
of compressed air in excavating through water-bearing 
soils where it is not possible or economical to keep the i\ 
water down by pumping. The process has been employed 
in excavating for the foundations of bridge piers and 
buildings, in driving tunnels, sinking shafts, etc., and is 
one of the most satisfactory methods in use for preparing 
difficult foundations. 

The Pneumatic Caisson is a box without a bottom, hav- 
ing its sides and top air- and water-tight. The caisson is 
sunk into the soil and, if necessary, loaded with some heavy 
material. Then air is pumped into the space below the top 
or roof of the caisson until the water is forced out, making 
it possible for men to work in the chamber and excavate 
the material. Caissons are built of wood, steel, concrete, 
and reinforced concrete, but wood appears to be the 
material most used by engineers and contractors. The 
size of the caisson in plan depends upon the structiu^e for 
which the foundation is to be prepared. The depth of the 
working chamber is usually about seven feet. The thick- 
ness of the roof varies according to the load which it sup- 
ports. Fig. 49 shows a pneumatic caisson in section. (See 
''The Construction of the Substructure of the McKinley 
Bridge Across the Mississippi River at St. Louis." By 
F. E. Washburn, Engineering News, Jan. 6, 1910.) 

Air Locks. In order that men may enter and leave the 

89 
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working chamber and that 
materials may be removed, 
one or more air locks are 
provided. 

An air- and water-tight 
shaft is built in the roof 
of the caisson and ex- 
tended upward until above 
the normal water level. 
On top of this shaft, 
which is usually con- 
structed of metal, is placed 
the air lock. This, in its 
simplest form, is a small 
chamber with a single or 
double flap door at the 
bottom opening down- 
ward into the shaft and 
another at the top open- 
ing into the chamber. 
Other forms have been 
designed for special work. 
Some of these are de- 
scribed in the Engineering 
Record, April 1, 1899. 
Pipes and valves are so 
arranged that the air 
pressure in the lock cham- 
ber may be that in the 
caisson, when the door at 
the top is tightly closed 

and that at the bottom is p,g_ 5o._Sectioii of Open CaisBon, Air 
easily opened to permit Lock, and Shield Used in the Foundation 

the passage ot men or ma- »'. the Ohicgo .ad Nortlw«l.,n T.r- 

,^ °^ minal Station, Chicago, 111. (Engzneer- 

terials. Or, the pressure ing r^ews, November 18, 1909.) 
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may be that of the outer air when the door at the bottom is 
tightly closed and that at the top is easily opened. The 




Fig. 51. — Details ot Air Lock iavented by Mr. John F. O'Rourke. (_En- 
gineering Record, December 10, 1898.) 

air pressure in the lock chamber can be regulated from the 
inside or the outside. 



I 
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A simple form of air lock is shown in Fig. 50, and a 
more elaborate form in Fig. 51. 

Open Caisson or Coffer-dam. The side walls of the 
caisson are usually extended upward several feet, forming 
an open caisson or cofifer-dam. Inside of this cofifer-dam 
are built the footings of the masonry. Sometimes the 
cofifer-dam is omitted and the footings built up as fast as 
the entire structure sinks. In the case of bridge piers, this 
masonry must always have its top above water. Where the 
pneumatic process is used for placing column foundations 
in buildings the cofifer-dam becomes a water-tight shell and 
usually this is so small in diameter that but little masonry 
can be placed until the caisson has reached its final position. 

Removing Materials. The excavated material is re- 
moved in various ways, depending upon its nature and upon 
the magnitude of the work. Soft material can be forced 
out by the air pressure through a pipe extending from a 
little below the water level in the working chamber to the 
open air. This method has the disadvantage that it lowers 
the air pressure in the working chamber and is accompanied 
by a fog which interferes with the efficiency of the work. 
A mud or jet pump. Fig. 52, appears to be one of the best 
means of removing soft material. The jet is compressed 
air or water which is delivered through special pipes pro- 
vided for the purpose. Broken rock, logs, etc., must be 
taken out through air locks in buckets or sacks. The 
O'Rourke air lock, shown in Fig. 51, is especially designed 
to permit of the passage of buckets. 

When the excavation is very large in plan an open well 
is constructed, with walls air- and water-tight, from a plane 
a little below the water level in the working chamber to a 
plane above the normal water level outside the cofifer-dam. 
This well is kept filled with water to balance the air pressure 
in the working chamber. The material is removed from 
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the bottom of the well by means of excavating buckets. 
As the excavation in the well proceeds, the workmen push 
new material under the walls of the well. 

Pneumatic Foundation for a Small Bridge Pier. A 
pier for a single-track railroad bridge is to be constructed in 



Fig. 52. — Muck Ejector Used in Foundation Caisson at Aarau, Switzerland, 
(Engineering Nexus, March 2, 1911.) 
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a stream which is ten feet deep at low water and whose bed 
is composed of sand and gravel to an unknown depth. 
The location of the pier is such that a pile foundation is 
not safe owing to excessive scour, therefore a pneumatic 
caisson is to be sunk until its cutting edge is forty feet 
below low water. An outline of the method to be pursued 
is as follows: 

The pneumatic caisson is made of wood and constructed 
on the bank of the stream, with a working chamber about 
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Fig. 53. — ^Arrangement of Pile Clusters and Mooring Cables for Setting 
the Caissons in Position. McKinley Bridge, St. Louis, Mo. {Engineering 
News, January 6, 1910.) 
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seven feet high. The walls and roof are made tight by 
caulking them with oakum. Above the roof a water-tight 
coffer-dam, ten feet high, is constructed. Pipes for 
blowing out mud and for introducing water and com- 
pressed air are run through the roof of the caisson and the 
air shaft is also built through the roof and extended up- 
ward to the top of the coffer-dam. Special conduits for 
electric light and signal wires should be provided. The 
whole structure is now launched and towed over the position 
it is to occupy and anchored. Fig. 53 shows the method of 
anchoring the caisson for the McKinley Bridge. It is as- 
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sumed that the bed of the stream is fairly level, otherwise it 
must be dredged to a level surface before the caisson is 
floated to its location. Concrete or other masonry is now 
placed within the cofifer-dam until the whole structure 
sinks and rests on the bottom of the stream and the walls 
of the caisson penetrate well into the soil. While this 
work is going on, pipe connections are made to pumps and 
air compressors, and the air lock added to the top of the 
air shaft. Air is now pumped into the working chamber 
under pressure sufficient to drive out the water. When 
this is accomplished, men pass through the air lock and 
down the air shaft into the working chamber, and, as soon 
as the electric lights and the signal apparatus are in work- 
ing order, the work of excavation is commenced. The 
material is excavated to a depth about even with the cut- 
ting edges of the caisson, then the edges are ditched, 
which permits the whole structure to settle under its 
own weight. If the structure does not sink readily the 
men leave the working chamber and the air pressure is 
reduced. This is equivalent to increasing the effective 
weight of the structure and consequently it will more 
readily sink. Sometimes one man is left in the working 
chamber to watch the settlement and when it does not 
proceed properly he signals for the air pressure to be in- 
creased until the settlement stops. As the structure sinks 
and the top of the coffer-dam approaches the surface of the 
water in the stream, a section is added to the air shaft be- 
low the air lock and the coffer-dam built up by a correspond- 
ing amount. The extension of the coffer-dam is not neces- 
sary if the masonry is kept well above the water level. 

When the proper depth has been reached by the 
caisson, the working chamber and the air shaft are filled with 
concrete. The air lock and such pipes as extend above the 
masonry are removed. The exact location of the pier is 
now established and its masonry commenced. 
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Fig. 64. — Caisson and Crab Coffeivdam for Open Dredging. Fraser River 
Bridge. {Engineering Record, May 28, 1904.) 
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Usually at least one diver is necessary, at the time when 
the caisson begins to penetrate the bed of the stream, to 
assist in stopping blow holes by placing sand bags on the 
outside of the caisson walls. 

Deep Fotmdations by Open Dredging. When the 
material to be removed is silt, sand, or gravel which is not 
cemented, a caisson very similar to the pneumatic caisson 
with a crib cofifer-dam is sometimes employed, (Fig. 54.) 
Large openings or wells are left in the roof of the caisson and 
the material is removed with excavating buckets or some 
form of ejector. The following account of the method em- 
ployed for two piers of the Fraser River Bridge, British 
Columbia, is taken from the Engineering Record, May 28, 
1904: 

For piers 4 and 5, where the foundations were the deep- 
est, fully ninety-five per cent, of the excavation was made 
with an hydraulic elevator. Fig. 55, with which anything 
of a thickness less than three inches, the diameter of the 
throat, could be handled. The elevator was a simple 
ejector operated by a one hundred and twenty-five poimd 
hydraulic jet, delivering upwards into the foot of a five- 
inch vertical cast-iron pipe, which extended to the top of the 
excavating well and terminated in a ninety-degree long- 
radius bend, which discharged the mud, sand, etc., horizon- 
tally over the top of the crib. The bottom of the five- 
inch pipe terminated in a special Y, shown in cross-section by 
the detail drawing. Fig. 55. One branch of the Y h d an 
interior cone, concentrating the discharge from th^ four- 
inch vertical pump pipe through a one and one-half-inch 
nozzle and causing the upward current that tended to 
produce a vacuum. This induced a strong flow through 
the other branch of the Y, which had an intake that could 
be set at any angle or in different positions and could have 
different extensions, as desired. The pressure and dis- 
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charge pipes were clamped firmly together and handled as a 
unit by a line operated by the derrick boom and attached to 
the fork of the Y. The top of the pressure pipe terminated 



n 
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Fia. 55. — Apparatus for Excavating Inside Crib Under Water. Fraser ■ 
River Bridge. (Engineering Record, May 28, 1904.) 

with a ball-and-socket joint and a long-radius ninety- 
degree bend with a flanged enlarger closed at the end 
and tapped to receive three lines of two and one-half-inch 
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fire hose from the pump. It is interesting to know that 
with a height of one hundred and forty-five feet, Ufting 
from one hundred and forty feet below the water surf ace, 
the elevator was as effective as at less depths. 

The water pressure for operating the elevator was 
obtained from a Worthington duplex pump having twenty- 
inch steam cylinders, twelve-inch water cylinders, fourteen 
inch stroke, nine-inch suction, and a seven-inch discharge. 
The steam was suppUed by two fifty-horse-power locomotive 
boilers built for a working pressure of one hundred and 
twenty-five pounds per square inch. They were forty- 
eight inches in diameter, fifteen feet long, and had forty- 
four three-inch tubes twelve and one-half feet long. A 
steam pressure of one hundred pounds from both boilers, 
giving a water pressure of one hundred and twenty-five 
pounds, was usually required. 

A rose jet, operated by the elevator pump, was used as 
an agitator, and, when placed near the suction, greatly in- 
creased the efficiency of the elevator. When coarse gravel 
or other material was encountered which the elevator could 
not handle, the elevator was lifted clear of the bottom and 
placed on one corner of the well and its service was dis- 
continued for a short time while a clam-shell dredge was 
operated. The elevator was superior to the dredge for main- 
taining the cribs in position. With it, by placing the suction 
close to the side of the well, the material was drawn from 
the high side or the point that was ''holding up,'' and by 
extending its intake, material was drawn from directly 
under the cutting edge. The rate of sinking depended 
greatly on the material encountered, varying from two 
to six feet in twenty-four hours. 

The Freezing Process is used principally in the sinking 
of mine shafts through soft water-bearing strata and where 
the pneumatic process is not feasible on account of depth. 
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Mr. James H. Brace states that probably the first use 
of the freezing process was m England, m 1862, to sink a 
well through quicksand.* 

Briefly, the process consists of freezing a wall around 
the proposed excavation by means of a specially con- 
structed refrigerating plant. 

The Poetsch Freezing Process. This process was in- 
vented by F. H. Poetsch and first applied in Saxony in 
1883. Mr. Brace describes the method as follows: 

'' Water-tight tubes, usually parallel to each other, are 
distributed throughout the mass to be frozen, and are 
known as freezing tubes. In practice they have usually 
varied from four to ten inches in diameter. Inside each 
freezing tube, small pipes, known as circulating tubes, 
are placed. Each of the latter has an opening near the 
bottom into the outer pipe. The circulating tubes are all 
joined together, usually, by a large circular or rectangular 
pipe, known as a circulating ring. The freezing pipes are 
capped at the top and joined to a similar ring, called the 
collector ring. A circuit is formed by connecting the cir- 
culating and collector rings to the cold-brine tank of some 
form of freezing machine. A pump is placed between 
the refrigerator and the circulating ring. Cold brine is 
drawn from the bottom of the tank, forced by the pump 
through the circulating ring, down the circulating pipes, 
thence up the freezing tubes, where it absorbs a certain 
amount of heat, and back through the collector ring to the 
top of the refrigerator. The circulation is maintained in 
this manner until an ice wall is formed completely sur- 
rounding the area to be excavated." 

Formerly the freezing tubes were driven into the 
ground and were often ruptured either in driving or by 

* " Freezing as an Aid to Excavation in Unstable Material." By James 
H. Brace. Transactions of .the Am. Soc. C. E., Vol. lii, June, 1904, p. 365. 
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contraction, so that the brine escaped into the soil. Now 
an open bottom tube is driven for each freezing tube, the 
material inside removed and the freezing tubes lowered in 
the space thus provided, and the outer tube withdrawn. 

The Gobert Freezing Process was invented by A. 
Gobert, but as far as known it has not been applied in 
practice. The process differs from the Poetsch method in 
the elimination of the refrigerator and cooUng brine, and 
allowing liquefied ammonia to expand in the freezing tubes. 
Special fittings, etc., are required. 

The Koch Freezing Process apparently differs little 
if any from the Gobert process and has never been applied 
in practice. In this process liquefied gas is used in the 
freezing tubes. "The gas used may be either carbonic 
acid, ammonia, or a mixture of dioxide of sulphur." 

Freezing by Cold Air. During the years 1884 to 1886 
inclusive, Captain Lindmark constructed a tunnel for 
pedestrians in Stockholm, Sweden, using the cold-air proc- 
ess for a portion of the excavation. A Lightfoot dry-air 
machine was used to force air into a freezing chamber 
which was formed by parting oflf the heading with a 
double wall of planks filled with charcoal. The details of 
the operation are given by Mr. Brace in the paper re- 
ferred to above. This paper is a r6sum6 of the Uterature 
on the freezing process and gives a condensed account of 
all that was known about the process up to 1904. 
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APPENDIX A 

FORMULAS AND NOMENCLATURE 

Nomenclature 

A = area of the bottom of a footing in square feet. 

b = breadth of a lateral sUce of a footing, in inches. 
= the breadth of a wooden beam in inches. 

B = length of I beams used in footings, in inches. 
= breadth of footings in inches. 

B' = breadth of a footing course above one having the 
breadth B, in inches. 

d = distance from the upper surface of a reinforced con- 
crete footing to the centre of the steel reinforce- 
ment. "The effective depth." 

/ = fiber stress in poimds per square inch. 

Xi = maximiun load on a pile, in a pile foundation, in 
poimds. 

Jb = minimimi load on a pile, in a pile foundation, in 
pounds. 

G = total weight supported by a foundation, in pounds. 

h = depth of wooden beams used in footings, in inches. 

h = depth to stratum of earth for which the bearing 
capacity is wanted, in feet. 

h = drop of hammer in pile driving, in feet. 

h = distance above foundation to point where resultant 
wind pressure acts on a chinmey, tower, etc., in 
feet. 

H = distance of tie rods, used in equaUzing pressures on 
foimdations from eccentric footings, above the 
foundation, in inches. 
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K = coefficient in formula M = Khd?. 

I = length of offset, in inches. 

n = total number of piles in a pile foimdation. 

Po = upward pressure on bottom of footing, in pounds per 

square foot, 
p' = pressure in poimds per square foot at the outer edge 

of an eccentric footing, 
p" = pressure in pounds per square foot at the inner edge 

of an eccentric footing. 
Q = distance from the outer edge of a footing to the point 

where the resultant pressure passes through its 

base, in inches. 
8 = distance centre to centre of I beams in footings in 

inches. 
8 = penetration of pile imder the last blow, in inches. 
S = section modulus. 
t = thickness of an offset in inches. 
T = tension in tie rod, in pounds. 
W = total load supported by an I beam or a wooden 

beam in footings, in pounds. 
W = total load per linear foot of wall supported by the 

foundation, in pounds. 
W == total wind pressure on a chimney, tower, etc., in 

pounds. 
w = weight of drop hammer, in pile driving. 
w = weight of soil in pounds per cubic foot. 
y = perpendicular distance from the gravity axis of a 

pile foundation to any pile in feet. 
z = perpendicular distance from the gravity axis of a 

pile foundation to the outermost pUe, in feet. 
S = summation sign. 
4> = angle of repose of soU. 
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Formulas 

po = h(^/tan'{4:5^—y^<l>) (1) 

l = ,M (2) 

d = I r-nAn _l ^ (3) 

5040 + Po 

i-^^ (5) 

'-W <«> 

P'-24(2-2|)f (7) 

P" = 24(2|-l)| (70) 

T~W{^) (8) 

«s-' = 'n1? • »> 

^ = ^ (^«»' 

*-^l\W ''^' 

M-^(8B + 2B')g ..... (13) 
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n f \ W 

\^\ZB-\-'2,B')-^ = KB' ^ . . . (14) 



d Mfi' + >|J^+(fT • • (14a) 



Po = hw[ ^_^^ ) ...... (15) 
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wood auger, 5 
Bridge piers, concrete foundation 
for, 8 

cylinder, 82 

footings for, 77 

on gravel and sandy soils, 69 

on hard rock, 68 
Cantilevers, 26 
Casing for test holes, 6 
Chimneys, 57 
Chimneys, effect of wind on, 67, 68, 69 

pile foundations for, 61 
Coffer-dam, crib, 74 

driving piles in, 75 

of short piling, 69 

of soil, 68 
Column footings, 26 

of reinforced concrete, 27 

of wood, 28 
Compressol machine, 10 
Caisson, open, 78, 93 

pneumatic, 89 
Deep foundations, 98 
Divers, 87 
Dredging, open, 98 
Drill, core, 5 
Elevated tanks, 63 
Footings, see Wall, column, etc. 

breadth of wall, 14 

brick, 16 

masonry, 17 

offsets for, 15, 17, 63 



Footings, reinforced concrete, 18 

thickness of courses of, 16 
Formulas, collection of, 107 
Fojondations, deep, 98 
Freezing process, 100 

cold air, 102 

Gobert process, 102 

Koch process, 102 

Poetsch process, 101 
Loads on foundations, 13 
Materiab, removing from caisson, 93- 
Nomenclature, 105 
Pier, see Bridge. 
Piling, concrete, 10, 41 

concrete, reinforced, 55 

driving, 39 

driving in coffer-dam, 75 

driving sheet, 55 

formulas for safe levels on, 4(y 

moulded in place, concrete, 51 

Gow, 50 

pedestal, 47 

Raymond concrete, 42 

sand, 9 

screw, 52 

sheet, 53 

simplex concrete, 44 

spacing of, 40 

steel bearing, 51 

steel sheet, 54, 70 

supporting capacity of, 40, 51 

wooden, 39 

wooden sheet, 53, 72 

wooden under water, 41 
Pillars, concrete, 52 
Pneumatic process, 89, 94 
Pressure on foundations, uniform, 13' 
Pmnps, 83 
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Pumps, centrifugal, 86 

diaphragm, $4 

hand, 84 

jet, 85, 99 

pulsometer steam, 86 
Beinforced concrete footings, 18 
Rip-rap, 83 
Soils, see Supporting capacity. 

compressible, 8 

foundations for chimneys, etc., 57 
Sounding with iron pipe, 4 

steel rods, 4 
Stand pipes, 63 

Supporting capacity, see Bearing 
capacity. 



Supporting capacity, of soils, 1 

of clay soils, 6 

of sandy soils, 6 
Tanks, 63 

Towers, 57 

Test loads, conclusions from, 2 
method of applying, 1, 2 

Wall footings, see Footings. 

of steel I beams, 20 

of wood, 22 

with eccentric loading, 23 
Weights of soils, 9 
Wells for examining soils, 5 
Wind, effect of, 57 



